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PREFACE 


In  the  following  chapters  I  have  brought  together  many  of  the 
facts  I  have  learned  from  forty-seven  years’  study  of  lung  struc¬ 
ture.  There  remain  many  problems  to  be  solved.  I  trust  that  this 
contribution  will  serve  as  a  stepping  stone  to  help  others  toward 
their  solutions. 

In  the  spring  of  1887,  I  spent  some  time  working  in  the  labora¬ 
tory  of  the  College  of  Physicians  and  Surgeons,  then  located  on 
23rd  Street  and  4th  Avenue,  New  York.  Francis  Delafield,  at  that 
time  Professor  of  Medicine,  was  advancing  the  thesis  that  free 
communications  existed  between  the  air  spaces  in  the  lungs.  In 
this  he  was  supported  by  J.  West  Roosevelt,  who  showed  that  by 
picking  apart  complete  wax  corrosions  of  the  lung,  under  a  dissect¬ 
ing  microscope,  small  more  or  less  spheroidal  bodies  could  be  iso¬ 
lated,  and  that  they  had  two  or  more  facets,  which  represented 
points  of  communication  with  similar  bodies.  I  was  so  impressed 
by  this  that  I  made  it  the  subject  of  my  work  at  Clark  University, 
Worcester,  Massachusetts. 

At  first  everything  seemed  to  confirm  the  statements  of  Delafield 
and  of  Roosevelt.  I  made  numerous  corrosions  in  wax  and  in 
Wood’s  metal.  I  found  the  spheroidal  bodies  of  Roosevelt,  and 
they  had  the  facets  which  he  described.  Later,  I  made  a  recon¬ 
struction  from  one  of  my  series  in  which  the  arteries  and  veins  had 
been  injected  with  different  colored  masses,  and  acquired  very 
complete  positive  and  negative  models.  On  dissecting  these  models 
I  discovered  that  the  spheroidal  body  of  Roosevelt  was  not  a  sac- 
culus  alveolaris  but  a  distinct  air  space,  to  which  I  eventually  gave 
the  name  atrium.  Each  sacculus  was  very  irregular  in  shape  and  had 
only  a  single  facet,  while  the  atrium,  more  or  less  spheroidal,  had 
several  facets.  This  I  have  found  true  in  all  lungs  from  which  I 
have  made  reconstructions.  I  have  especially  illustrated  an  atrium 
in  Figures  30  and  31. 

From  1892  to  1924  I  was  actively  engaged  in  instructional  work 
at  the  University  of  Wisconsin.  In  such  spare  time  as  was  avail¬ 
able,  which  included  a  year  at  Leipzig  and,  later,  a  year  at  Johns 
Hopkins,  I  continued  my  study  of  the  structure  of  the  lung.  Since 
the  close  of  my  instructional  work  I  have  made  numerous  recon¬ 
structions.  Some  have  been  used  in  illustrating  this  brochure,  but 
others  belong  on  the  border  line  between  the  normal  and  patho¬ 
logical  anatomy  of  the  lung. 
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PREFACE 


I  hesitated  before  deciding  to  use  the  BN  A  nomenclature.  Even¬ 
tually  I  adopted  it,  because,  as  explained  in  the  text,  it  is  univer¬ 
sally  understood;  English  equivalents  of  the  terms  are  also  given. 

Since  1919,  in  public  addresses  and  published  papers  I  have 
advocated  the  use  of  the  term  hilum  in  place  of  hilus.  I  did  this  be¬ 
cause  the  word  hilus  is  not  found  in  Latin  lexicons;  also  because 
Hyrtl  in  his  Onomatologia  Anatomica  had  shown  that  hilus  was 
incorrect.  Today  the  term  hilus  is  gradually  being  replaced  by 
hilum . 

It  is  my  pleasant  duty  to  acknowledge  the  kindness  of  the 
Director  of  Wistar  Institute  in  permitting  me  to  reproduce  text  or 
illustrations  from  the  various  publications  of  the  Institute:  The 
Journal  of  Morphology ,  The  Anatomical  Record ,  The  American 
Journal  of  Anatomy,  and  The  Journal  of  Comparative  Neurology. 
The  editors  of  the  following  journals  have  also  granted  permission 
to  use  material  published:  The  American  Review  of  Tuberculosis, 
Journal  of  Experimental  Medicine,  Radiology,  Contributions  to 
Embryology ;  and  the  publishers  of  the  Reference  Handbook  of  Medi¬ 
cal  Sciences.  Finally  I  must  acknowledge  with  gratitude  my  indebt¬ 
edness  to  the  group  of  unknown  friends  who,  under  the  leadership 
of  Dr.  Lawrason  Brown,  of  Saranac  Lake,  have  made  this  publica¬ 
tion  possible. 

Madison, 

September  15,  1934 
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THE  LUNGS 

The  lungs  are  two  irregular  conical-shaped  organs  which  occupy, 
one  on  either  side,  the  thoracic  cavity.  They  are  separated  from 
each  other  by  a  median  partition,  the  mediastinum,  in  which  are 
situated  the  heart  enclosed  within  the  pericardium,  the  thoracic 
aorta  and  the  arteries  arising  from  its  arch,  the  thoracic  duct,  and 
the  great  veins  entering  the  heart.  They  are  indirectly  connected 
with  each  other  by  the  trachea  and  the  two  main  bronchi  into 
which  it  divides.  Below  the  hilum  the  two  folds  of  the  pleura,  which 
enclose  the  lung,  leave  it  and  form  by  their  union  the  ligamentum 
pulmonale  by  which  the  lung  is  attached  to  the  pericardium  and 
esophagus. 

Color.  At  birth  and  for  the  first  three  weeks  of  life  the  lungs  are 
nearly  white  in  color,  showing  a  delicate  pink  to  a  decided  red  tint 
on  section;  this  is  due  to  the  contained  blood.  According  to  Shingu, 
after  the  twenty-third  day  of  life  the  lungs  show  a  beginning  pig¬ 
mentation  which  increases  with  the  age  of  the  individual. 

The  adult  lungs  vary  in  color,  depending  on  the  amount  of  blood 
which  they  contain  and  the  amount  of  pigmentation  present.  If 
there  be  but  little  blood  present,  they  have  a  yellowish-gray  color, 
but  when  they  contain  a  considerable  quantity  of  blood  they  are 
of  a  reddish-gray  color. 

The  surfaces  of  the  lungs  are  often  marbled  with  blue  or  black 
lines,  especially  in  individuals  who  live  in  a  smoky  or  dusty  atmos¬ 
phere.  When  extreme  pigmentation  is  present  (be  it  from  particles 
of  carbon  or  dust),  it  may  give  a  light  bluish-black  color  to  the  sur¬ 
faces  of  the  lungs,  on  which  appear  lines  or  patches  of  more  intense 
pigmentation.  The  external  surfaces  of  the  lungs,  as  a  rule,  show  a 
greater  amount  of  pigmentation  than  either  the  mediastinal  sur¬ 
faces  or  the  bases  of  the  lungs;  the  surfaces  within  the  fissures 
show  the  least  pigmentation. 

Weight.  It  is  difficult  to  determine  the  weight  of  the  lungs,  owing 
to  the  variable  quantity  of  fluid  present.  Krause  gives  1,300  grams 
as  the  weight  in  the  male  and  1,023  grams  in  the  female,  with  a 
moderate  amount  of  blood  present.  Under  the  same  conditions  I 
have  found  the  average  weight  somewhat  less:  1,058  grams  in  the 
male  and  924  grams  in  the  female.  The  average  weight  of  the  right 
lung  in  the  male  was  found  to  be  568.75  grams;  in  the  female,  500 
grams.  The  average  weight  of  the  left  lung  in  the  male  was  486.88 


3 


4 


THE  LUNG 


grams;  in  the  female,  424  grams.  From  these  figures  it  is  seen  that 
the  right  lung  materially  exceeds  the  left  in  weight. 

Spitzka  found  the  weight  of  the  lungs  still  lower  in  the  case  of 
six  criminals  executed  by  electricity.  In  age,  they  varied  from 
twenty-three  to  forty-one  years.  The  right  lung  averaged  281 
grams,  the  left  lung  253  grams,  giving  a  total  weight  of  534  grams 
for  both  lungs.  This  is  practically  half  the  average  weight  which  I 
found.  Spitzka  attributes  the  low  weights  in  his  cases  to  the  mode 
of  death  which,  by  causing  strong  contraction  of  the  thoracic  cavity 
and  other  phenomena,  “brings  about  a  bloodless  condition  of  the 
lungs,  so  that  we  are  enabled  to  ascertain  the  actual  weight  of  lung 
tissue  only,  not,  as  in  ordinary  death  of  a  variable  amount  of  blood 
and  serum  as  well.” 

Specific  Gravity.  Before  respiration  has  taken  place,  the  specific 
gravity  of  the  lungs  is  greater  than  that  of  water;  they  sink,  there¬ 
fore,  when  placed  in  it.  The  same  is  true  when  only  a  few  inspira¬ 
tions  have  taken  place  and  the  lungs  have  collapsed  with  the  death 
of  the  individual.  Waters  gives  1,062  and  Wilmart  1,068  as  the 
specific  gravity  before  the  establishment  of  respiration.  After  the 
establishment  of  respiration  the  lungs  become  filled  with  air  and 
their  specific  gravity  may  be  as  low  as  0.342  (Dwight). 

Dimensions.  Owing  to  variations  in  size  and  form  of  the  thorax 
and  to  variations  in  distention,  any  measurements  of  the  lungs  are 
of  little  value.  Krause  gives  271  millimeters  as  the  length  of  the  right 
lung  in  males  and  216  millimeters  in  females;  of  the  left  lung, 
298  millimeters  in  males  and  230  millimeters  in  females.  Measured 
transversely  at  the  base,  the  right  lung  is  135  millimeters,  the  left 
lung  129  millimeters  in  diameter  in  males;  in  females  the  right  lung 
measures  122  millimeters,  the  left  lung  108  millimeters. 

The  right  lung  is  shorter  and  broader  than  the  left  lung.  This  is 
due  to  the  liver’s  causing  the  arch  of  the  diaphragm  to  rise  to  a 
higher  level  on  the  right  side  than  on  the  left,  and  to  the  inclination 
of  the  heart  to  the  left  side. 

Capacity.  In  a  well-developed  male  of  from  thirty  to  thirty-five 
years  of  age,  at  the  end  of  a  full  inspiration  the  lungs  contain  about 
5,000  c.c.  of  air;  in  a  female,  somewhat  less.  After  death  and 
collapse  of  the  lungs  have  taken  place,  the  lungs  contain  about 

1.500  c.c.  of  air.  According  to  Hutchinson,  the  vital  capacity, 
which  is  the  greatest  amount  of  air  that  can  be  expelled  after  a  full 
inspiration,  is  3,700  c.c.  Rosenthal  gives  3,200  c.c.  for  males  and 

2.500  c.c.  for  females. 

Schafer,  as  the  result  of  a  series  of  experiments,  found  that  with 
a  respiration  of  thirteen  per  minute  the  amount  of  air  exchanged 
per  minute  was  5,850  c.c.,  giving  450  c.c.  as  the  amount  of  tidal  air. 
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Form.  When  the  lungs  are  hardened  in  situ  they  are,  as  stated 
above,  irregularly  conical  in  shape  and  there  can  be  distinguished 
on  each  an  apex,  a  base,  three  surfaces,  and  two  margins. 


Fig.  1. — Kight  Lung,  from  the  Medial  Side.  1,  Apex 
pulmonis;  2,  facies  mediastinalis;  3,  groove  of  the  vena 
cava  superior;  4,  lobus  superior;  5,  impressio  cardiaca; 

6,  lobus  medius;  7,  margo  anterior;  8,  margo  inferior; 

9,  facies  diaphragmatica;  10,  lobus  inferior;  11,  ligamen- 
tum  pulmonale;  12,  groove  for  the  vena  azygos;  13,  venae 
pulmonales  dextrae;  14,  lymphoglandula  pulmonalis;  15, 
ramus  dexter  of  the  arteria  pulmonalis;  16,  bronchus  dex¬ 
ter;  17,  incisura  interlobaris;  18,  hilum  pulmonis  with  cut 
edge  of  the  pleura;  19,  facies  costalis.  (After  Spalteholz.) 

Apex.  The  apex  pulmonis  (Fig.  1)  is  rounded  and  occupies  the 
cupula  pleurae.  It  is  not  situated  over  the  center  of  the  basis  pul¬ 
monis,  but  mesial  and  somewhat  posterior  to  it.  Below  the  apex 
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pulmonis  runs  a  groove,  the  sulcus  subclavius,  occupied  by  the 
arteria  subclavia  (Fig.  2). 

Base.  The  basis  pulmonis  is  broad  and  concave,  the  concavity 
corresponding  to  the  curve  of  the  liver,  from  which  it  is  separated 


Fig.  2. — Left  Lung  from  the  Medial  Side.  1,  Apex 
pulmonis;  2,  facies  costalis;  3,  incisura  interlobaris; 

4,  ramus  sinister  of  the  arteria  pulmonalis;  5,  bronchus 
sinister;  6,  lymphoglandulae  pulmonales;  7,  groove  for 
the  aorta  thoracalis;  8,  ligamentum  pulmonale;  9,  lobus 
inferior;  10,  margo  inferior;  11,  facies  diaphragmatica; 

12,  incisura  interlobaris;  13,  lingula  pulmonis;  14,  lobus 
superior;  15,  margo  anterior;  16,  impressio  cardiaca; 

17,  venae  pulmonales  sinistrae;  18,  facies  mediastinalis; 

19,  hilum  pulmonis  with  cut  edge  of  the  pleura;  20,  sul¬ 
cus  subclavius.  (After  Spalteholz.) 

by  the  diaphragma.  The  arch  of  the  lobus  hepatis  dexter  extends  to 
a  higher  level  than  that  of  the  lobus  hepatis  sinister;  consequently 
the  concavity  of  the  basis  pulmonis  of  the  right  lung  is  deeper  than 
that  of  the  left  lung  (Figs.  1,  2). 
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Surfaces.  The  facies  costalis  (Figs.  3,  4)  is  the  most  extensive  of 
the  three  surfaces  and  is  deeper  posteriorly  than  anteriorly.  It  is 
convex  and  corresponds  in  general  to  the  form  of  the  cavum  pleurae. 
As  it  is  closely  applied  to  the  pleura  costalis ,  the  ribs  give  rise,  in 
specimens  hardened  in  situ,  to  shallow  oblique  grooves  between 
which  slightly  rounded  ridges  appear  that  correspond  to  the  inter¬ 
costal  spaces.  These  intercostal  ridges  often  show,  especially  in 
early  life,  a  greater  amount  of  pigmentation  than  the  costal  grooves. 

The  facies  mediastinalis  (Figs.  1,  2)  is  in  contact  with  the  pleura 
mediastinalis  and  the  pericardium.  It  is  nearly  vertical  in  direction 
and  presents  a  deep  concavity,  the  impressio  cardiaca,  which  is 
larger  and  deeper  on  the  left  lung  than  on  the  right  because  of  the 
oblique  position  which  the  heart  occupies  and  its  projecting  further 
beyond  the  midline  on  the  left  side  than  on  the  right  side.  This 
surface  possesses  near  its  posterior  border,  above  and  behind  the 
impressio  cardiaca,  a  triangular  depression,  the  hilum  pulmonis,  in 
which  the  bronchi,  the  blood  vessels,  and  nerves  are  situated  as 
they  enter  and  leave  the  lung,  and  in  which  lymph  nodes  ( lympho - 
glandulae  pulmonales)  are  not  infrequently  found  (Figs.  1,  2).  Col¬ 
lectively  these  structures  are  called  the  root  of  the  lung  (radix 
pulmonis )  and  form  the  only  place  where  the  lung  is  connected 
with  adjoining  structures,  with  the  exception  of  the  triangular  fold 
of  the  pleura  pulmonalis,  which  extends  from  the  lower  border  of 
the  hilum  pulmonis  to  the  pleura  mediastinalis  and  forms  the 
ligamentum  pulmonale  (Figs.  1,  2).  Situated  behind  the  hilum 
pulmonis  of  the  right  lung  and  arching  slightly  above  it  is  a  groove 
for  the  vena  azygos  (Fig.  1).  In  some  instances  a  vertical  groove  can 
be  recognized  below  that  for  the  vena  azygos  and  behind  the 
ligamentum  pulmonale  for  the  esophagus.  In  front  of  the  hilum 
is  a  wide  shallow  groove  which  runs  upward  with  a  lateral  curve 
for  the  vena  cava  superior  and  the  vena  anonyma  dextra  (Fig.  1).  On 
the  left  lung  above  and  behind  the  hilum  pulmonis  and  the  liga¬ 
mentum  pulmonale  is  a  broad  deep  groove  produced  by  the  arcus 
aortae  and  the  aorta  thoracalis  (Fig.  2).  Running  upward  from  the 
arched  portion  of  this  groove  toward  the  apex  pulmonis  is  a  groove, 
the  sulcus  subclavius,  for  the  arteria  subclavia  sinistra  (Fig.  2). 

The  facies  diaphragmatica  (Figs.  1,  2)  corresponds  to  the  basis 
pulmonis  and  has  been  described  under  that  heading.  The  en¬ 
croachment  of  the  heart  gives  the  facies  diaphragmatica  of  each 
lung  a  crescentic  outline,  that  of  the  left  lung  being  the  more  typi¬ 
cal  on  account  of  the  oblique  position  of  the  heart. 

Radix  Pulmonis.  The  radix  pulmonis  is  situated  slightly  above 
the  center  of  the  facies  mediastinalis  and  nearer  its  posterior  than 
its  anterior  border.  The  arrangement  of  the  bronchi  and  vessels 
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entering  and  leaving  the  lung  differs  on  the  two  sides.  On  the  right 
lung  (Fig.  1)  the  main  bronchus  enters  near  the  middle  of  the 
hilum,  and  its  first  branch  near  the  upper  border  of  the  hilum.  As 

a  rule,  however,  in  dis¬ 
secting  the  lung  the  bron¬ 
chus  is  divided  obliquely 
before  it  branches  and 
then  it  appears  as  an  ir¬ 
regular  oval  situated  in 
the  upper  and  posterior 
quadrant  of  the  hilum.  In 
front  and  somewhat  be¬ 
low  the  bronchus  is  the 
ramus  dexter  arteria  pul- 
monalis,  while  below  the 
bronchus  and  artery  are 
the  venae  pulmonales  dex- 
trae.  On  the  left  lung  (Fig. 
2)  the  bronchus  enters  the 
hilum  behind  and  slightly 
over  its  center;  the  ramus 
sinister  arteria  pulmonalis 
is  situated  above  the  bron¬ 
chus,  while  the  venae  pul- 
monales  are  situated  in 
front  of  and  below  the 
bronchus.  This  variation 
in  the  arrangement  of  the 
structures  forming  the  ra- 

Fig.  3. — Right  Lung,  Anterolateral  Aspect,  dix  pulmonis  causes  the 
1,  Apex  pulmonis;  2,  facies  costalis;  3,  lobus  hilum  of  the  right  lung  to 
superior;  4,  incisurae  interlobares;  5,  lobus  Raye  arL  ovoid  outline 

8,  facies  diaphragmatic.  (After  Spalteholz.)  whlle  tha*  of  the  le«  lunS 

is  triangular  m  outline. 

Margins.  The  margo  anterior  is  thin,  sharp  and  somewhat  irregu¬ 
lar.  Above,  the  margo  anterior  of  each  lung  projects  into  the  sinus 
costomediastinalis ;  below,  that  of  the  left  lung  presents  a  deep 
concavity,  the  incisura  cardiaca,  where  it  curves  around  the  heart 
(Fig.  4).  This  prolongation  of  the  lung  below  the  heart  toward  the 
midline  is  called  the  lingula  pulmonis. 

The  margo  inferior  (Figs.  1,  2)  along  the  junction  of  the  facies 
costalis  and  the  facies  diaphragmatica  is  thin  and  sharp,  especially 
where  it  is  prolonged  into  the  sinus  phrenico costalis;  mesially  along 
the  junction  of  the  facies  mediastinalis  and  the  facies  diaphrag- 
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matica  it  is  thicker  and  more  rounded.  The  thick,  rounded  dorsal 


portion  of  the  lung  at  the  junction  of  the  facies  costalis  and  the 
facies  mediastinalis  is  sometimes  described  as  a  margo  posterior . 

Fissures.  The  lungs  are 
divided  into  lobes  by  deep 
fissures  ( incisurae  interlo¬ 
bar  es).  On  the  left  lung  the 
incisura  interlobaris  passes 
obliquely  from  behind  and 
above,  forward  and  down¬ 
ward  to  the  basis  pulmonis 
(Figs.  3,  4).  A  similar  in¬ 
cisura  interlobaris  is  pres¬ 
ent  on  the  right  lung  from 
which  a  second  incisura, 
more  horizontal  and  shal¬ 
lower,  passes  across  the  an¬ 
terior  surface,  so  that  there 
can  be  recognized  on  the 
right  lung  two  incisurae 
interlobares.  By  means  of 
these  incisurae,  three  lobes 
are  marked  off  on  the  right 
lung :  a  lobus  superior,  a 
lobus  medius,  and  a  lobus 
inferior;  on  the  left  lung 
only  two  lobes  are  present : 
a  lobus  superior  and  a  lobus 

inferior.  ^ 

Lobes.  The  left  lung  is 

divided  by  the  incisura  in-  Fig.  4. — Left  Lung,  Anterolateral  Aspect, 
terlobaris  into  a  lobus  1  >  Apex  pulmonis;  2,  margo  anterior;  3,  incisura 

superior  and  a  lobus  m-  rior;  6,  bks  pulmonis;  7,  lobus  inferior;  8,  in- 
ferior.  ihe  lobus  superior  cisura  interlobaris;  9,  lobus  superior;  10,  facies 
is  situated  above  the  in-  costalis.  (After  Spalteholz.) 
cisura  interlobaris.  It  is 

conical  in  form  with  an  oblique  base  which  corresponds  to  the 
course  of  the  incisura.  The  apex  pulmonis,  the  whole  of  the  margo 
anterior,  a  considerable  portion  of  the  facies  costalis  and  the  greater 
part  of  the  facies  mediastinalis  belong  to  this  lobe.  Below  the  incisura 
cardiaca  it  is  prolonged  toward  the  midline  forming  the  lingula  pul¬ 
monis.  The  lobus  inferior  comprises  the  remainder  of  the  lung. 
Nearly  the  whole  of  the  facies  diaphragmatica  (basis  pulmonis)  and 
a  large  part  of  the  facies  costalis  belong  to  this  lobe  (Fig.  4). 
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The  right  lung  is  divided  by  two  incisurae  interlobares  into  three 
lobes.  One  of  the  incisurae  occupies  practically  the  same  position 
as  that  of  the  left  lung  except  that  it  is  more  vertical  in  direction 
and  does  not  terminate  as  near  the  midline.  It  separates  the  lobus 
inferior  from  the  lobus  medius  and  the  lobus  superior.  The  second 
incisura  separates  the  lobus  superior  from  the  lobus  medius.  It 
leaves  the  main  incisura  near  the  dorsal  part  of  the  lung,  passes 
horizontally  forward  to  the  level  of  the  fourth  costal  cartilage, 
where  it  cuts  the  margo  anterior,  and  then  passes  across  the  facies 
mediastinalis  to  terminate  at' the  hilum  pulmonis. 

The  lobus  medius  is  wedge-shaped  and  is  the  smallest  of  the 
three  lobes.  Interposed  as  it  is  between  the  lobus  superior  and  the 
lobus  inferior  it  gives  to  the  lobus  superior  the  form  of  a  truncated 
cone,  the  apex  of  which  is  formed  by  the  apex  pulmonis.  In  like 
manner  the  lobus  inferior  has  the  form  of  a  truncated  cone  when 
viewed  from  in  front  and  laterally,  the  base  being  formed  by  the 
facies  diaphragmatica  (Fig.  3). 

Blood  Vessels.  The  blood  vessels  of  the  lung  consist  of  two  sets 
which  originate  from  different  sources  and  perform  functions  of  a 
different  character.  One  set,  derived  from  the  arteria  pulmonalis, 
gives  origin  to  the  respiratory  or  functional  circulation;  the  other 
set,  derived  from  the  arteria  bronchialis,  furnishes  the  nutritive 
vessels  of  the  lung. 

The  arteria  pulmonalis  arises  from  the  ventriculus  dexter  of  the 
heart,  passes  obliquely  along  the  left  side  of  the  aorta  ascendens 
and  divides  under  the  arcus  aortae  into  a  ramus  dexter  and  a  ramus 
sinister.  The  ramus  dexter  passes  behind  the  aorta  ascendens  and 
the  vena  cava  superior  and  beneath  the  arcus  aortae  to  gain  a  posi¬ 
tion  in  front  of  the  bronchus  dexter  at  the  hilum  pulmonis.  The 
ramus  sinister  runs  in  front  of  the  bronchus  sinister  and  the 
aorta  thoracalis  and  enters  the  hilum  pulmonis  above  the  bronchus 
sinister.  Within  the  lung  the  arteria  pulmonis  follows  the  bronchi 
in  all  of  their  subdivisions  and  is  situated  behind  and  slightly 
lateral  to  the  bronchi.  The  branches  of  the  arteria  pulmonalis 
break  up  into  a  network  of  capillaries  which  is  situated  in  the  walls 
of  the  air  spaces.  From  this  capillary  network  the  blood  is  returned 
to  the  atrium  sinistrum  of  the  heart  by  the  venae  pulmonales ;  these 
are  usually  four  in  number,  two  for  each  lung.  In  some  instances 
the  vein  coming  from  the  lobus  medius  of  the  right  lung  empties 
into  the  atrium  sinistrum  independently;  in  other  instances  the 
two  veins  arising  from  the  left  lung  unite  and  form  a  common 
trunk  before  entering  it.  The  finer  arrangement  of  the  pulmonary 
blood  vessels  will  be  considered  in  Chapter  V. 

The  arteriae  bronchioles  vary  in  number  and  origin ;  the  right  ar- 
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teria  bronchialis  arises  either  directly  from  the  aorta  thoracalis 
or  from  the  first  or  third  arteria  intercostalis;  the  left  arteriae 
bronchiales,  two  in  number,  arise  from  the  anterior  wall  of  the 
aorta  thoracalis  at  the  level  of  the  fifth  vertebra  thoracalis.  The 
blood  which  the  arteriae  bronchiales  convey  to  the  lungs  is  largely 
returned  by  the  venae  pulmonales.  True  venae  bronchiales  are 
found  only  at  the  hilum  pulmonis ;  they  empty  into  the  vena  azygos 
or  the  vena  hemiazygos.  The  bronchial  artery  and  its  distribution 
is  described  in  detail  in  Chapter  V. 

Lymphatics.  Grossly  the  lymphatics  of  the  lungs  can  be  divided 
into  a  superficial  and  a  deep  set.  The  former  is  situated  in  the 
pleura  pulmonalis;  the  latter  accompanies  the  rami  bronchiales, 
the  arteria  pulmonalis  and  the  venae  pulmonales.  The  two  sets 
communicate  in  the  pleura  and  at  the  hilum  pulmonis.  A  more 
extended  description  will  be  found  in  Chapter  VI. 

Nerves.  The  lungs  receive  their  nerve  supply  from  the  nervi 
vagi  and  the  rami  pulmonales  of  the  pars  thoracalis  systematis 
sympathici.  The  nervus  vagus  forms  on  the  posterior  surface  of 
the  radix  pulmonis  a  plexus  ( plexus  pulmonalis  posterior ) ;  from  this 
plexus  branches  pass  to  the  anterior  surface  of  the  radix  pulmonis, 
where  they  form  a  second  plexus  ( plexus  pulmonalis  anterior ) .  The 
plexus  pulmonalis  posterior  is  joined  by  branches  from  the  second, 
third,  and  fourth  ganglia  thoracalia.  The  plexus  pulmonalis  an¬ 
terior  is  joined  by  a  few  fibers  from  the  plexus  cardiacus  profundus 
of  the  same  side.  The  anterior  plexus  supplies  the  constituents  of 
the  radix  pulmonis,  while  the  posterior  plexus  sends  branches 
which  contain  fibers  from  both  the  nervus  vagus  and  sympathicus 
into  the  substance  of  the  lung.  The  finer  distribution  of  the  nerves 
will  be  described  in  Chapter  VIII. 


Chapter  II 

THE  TRACHEA  AND  BRONCHI 


Fig.  5. — Outline  of  a  reconstruction  of 
the  lower  portion  of  the  trachea  of  a  week- 
old  child.  Only  a  part  of  the  uppermost 
cartilage  enters  into  the  reconstruction. 
The  line  drawn  across  the  reconstruction 
indicates  the  plane  of  section.  Note  the  angle 
at  the  bifurcation;  the  greater  diameter  of 
the  right  bronchus,  and  that  the  carina 
is  at  the  left  of  the  midline.  X6. 

to  neither  blood  vessels,  nerves,  nor 
lage  is  interesting,  being  formed  by 
bronchial  cartilages  (Fig.  6);  both 
and  irregularities  of  outline. 


The  trachea  consists  of  a 
framework  of  cartilaginous 
crescents,  sixteen  to  twenty 
in  number,  which  are  con¬ 
nected  with  each  other  by  a 
dense  layer  of  connective 
tissue,  the  ligamentum  an- 
nularia ,  and  lined  on  the  in¬ 
terior  with  a  tunica  mucosa. 
Posteriorly,  where  the  carti¬ 
lages  are  wanting,  the 
trachea  is  flattened;  and, 
situated  between  the  ex¬ 
ternal  fibrous  tunic  and  the 
mucosa,  bundles  of  smooth 
muscle  connect  the  carti¬ 
lages  with  each  other. 

Cartilages.  The  cartilages 
present  marked  irregulari¬ 
ties.  They  may  split,  and 
fusions  with  adjoining  carti¬ 
lages  are  not  unusual.  In  the 
reconstruction  illustrated 
(Fig.  5)  the  first  of  the  carti¬ 
lages  is  incomplete  and 
must,  therefore,  be  left  out 
of  the  account;  the  two  fol¬ 
lowing  cartilages  are  regular 
in  their  formation;  the  next 
five  are  either  fused  or  bifur¬ 
cated,  and  have  one  or  more 
irregular  openings,  evidently 
due  to  incomplete  develop¬ 
ment,  for  they  give  passage 
gland  ducts.  The  carinal  carti- 
the  fusion  of  tracheal  and  left 
elements  present  bifurcations 
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The  carina  tracheae  is  a  prominent  ridge  running  anteroposte- 
riorly  across  the  bottom  of  the  trachea  between  the  origin  of  the 
two  bronchi.  Heller  and  v.  Schrotter  studied  the  relation  of  the 
cartilages  to  the  carina  in  125  tracheae.  As  the  result  of  their 
investigations  they  classified  the  carina  as  “cartilaginous”  or 
“membranous,”  depending  on  the  presence  or  absence  of  cartilage. 
In  case  cartilage  was  present,  they  further  subdivided  the  class 
into  “tracheal”  or  “bronchial,”  according  as  the  cartilage  belonged 


Fig.  6. — Reconstruction  of  the  carinal  cartilage  shown  in  outline  in  figure  5. 
A.  anterior  view;  B.  posterior  view.  Note  the  extensive  fusion  of  trachea  and 
bronchial  elements.  This  belongs  to  what  is  known  as  the  “tracheo-bronchial 
left”  type  of  carinal  cartilage.  X6. 


to  a  tracheal  or  a  bronchial  crescent.  When  the  cartilage  was 
derived  from  a  bronchial  crescent  it  might  be  either  “bronchial 
right”  or  “bronchial  left,”  or  when,  as  in  some  cases,  both  bronchial 
cartilages  entered  into  the  carina,  “double  bronchial.”  Occasionally 
a  fused  tracheal  and  bronchial  crescent  entered  the  carina;  in  such 
cases  the  carina  was  described  as  “tracheo-bronchial”  and,  like  the 
simple  “bronchial,”  it  could  be  either  “right”  or  “left”  (Fig.  7). 

As  the  result  of  their  study  of  the  125  tracheae,  they  found  the 
carina  cartilaginous  in  56%;  membranous  in  33%;  partly  mem¬ 
branous  in  11%.  In  27%  where  cartilage  was  present  it  was 
tracheal;  15%,  bronchial  right;  3%,  bronchial  left;  3.5%,  double 
bronchial. 

The  first  bronchial  cartilage  on  the  right  side  of  the  reconstruc¬ 
tion  (Fig.  5)  consists  of  two  elements  which  fuse  as  they  arch 
around  the  mesial  side  of  the  bronchus.  The  next  cartilage  is  a 
typical  crescent.  Immediately  below  this  cartilage  the  eparterial 
bronchus  is  given  off,  and  the  cartilage  placed  at  this  point  has  a 


14 


THE  LUNG 


complicated  structure,  part  of  it  belonging  to  the  eparterial  bron¬ 
chus  and  part  to  the  main-stem  bronchus.  The  portion  belonging 
to  the  eparterial  bronchus  has  a  prolongation  which  is  associated 
with  a  small  bronchus  arising  from  the  eparterial  bronchus  which 
is  not  shown  in  the  outline. 

On  the  left  side  the  bronchial  cartilages  fuse  with  the  tracheal 
cartilages  to  form  a  “tracheo-bronchial  left”  carinal  cartilage 


Fig.  7. — Types  of  the  carina  tracheae.  View  from  behind.  The  cartilages  are 
represented  by  solid  black  bands.  A.  tracheal;  B.  bronchial-right;  C.  bronchial- 
left;  D.  membraneous.  (After  Heller  and  von  Schrotter.) 


(Fig.  5),  which  consists  of  two  irregularly  fused  tracheal  elements 
and  three  bronchial  elements.  The  two  succeeding  cartilages  also 
fuse  to  form  a  single  element,  but  are  not  indicated  in  the  drawing 
of  the  reconstruction. 

Muscle.  Cuvier  apparently  was  the  first  to  note  that  in  some 
animals  the  bundles  of  smooth  muscle  were  inserted  on  the  outer 
surface  of  the  cartilages  while  in  other  animals  they  were  inserted 
on  the  inner  surface.  In  the  carnivora  the  attachment  is  external, 
while  in  monotremes  and  insectivora  the  attachment  is  internal.  In 
animals  that  live  on  a  vegetable  diet  the  attachment  is  usually 
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internal,  but  in  the  rabbit  it  is  external.  In  man,  who  lives  on  a 
mixed  diet,  the  attachment  is  internal.  I  have  failed  to  find  any  as¬ 
signable  cause  for  this  variation.  Guieysse,  who  paid  special  atten¬ 
tion  to  this  varied  attachment,  also  failed  to  find  any  explanation. 

If  a  freshly  removed  trachea,  with  the  bronchi  attached,  be  so 
divided  that  the  carina  is  cut  as  near  its  center  as  possible  and  the 


Fig.  8. — The  arrangement  of  the  trachealis  muscle  at  the 
carina  of  a  new-born  child.  Internal  attachment  of  the  muscle. 

B.  first  bronchial  cartilage.  The  posterior  spur  triangle  is 
crossed  by  two  bands  of  muscle.  X6. 

posterior  half  placed  in  Ranvier’s  alcohol  for  thirty-six  to  forty- 
eight  hours,  at  the  end  of  that  time  the  mucosa  can  be  removed 
from  its  anterior  surface  and  the  connective  tissue,  elastic  fibers, 
and  glands  from  its  outer  surface.  The  preparation  should  now  be 
placed  in  fifty  per  cent  glycerin,  to  which  sufficient  picro-carmine 
has  been  added  to  give  it  a  dark  red  color.  When  sufficiently  stained 
it  should  be  removed  to  pure  glycerin  and  spread  out  flat,  using  a 
compressorium  if  necessary. 
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In  a  trachea  thus  prepared  it  will  be  found  that  the  muscle 
is  made  up  of  branching  and  anastomosing  bands  which  extend 
between  the  cartilages  (Fig.  8).  Whatever  the  position  of  the 
muscle,  be  it  external  or  internal,  it  is  not  inserted  into  the  extreme 
tip  of  the  cartilage  but  into  the  perichondrium  some  distance  from 
the  extremity  of  the  cartilage. 

Both  Verson  and  Frankenhauser  have  described  scattered  bands 
of  smooth  muscle  ending  in  the  connective  tissue  between  the  car¬ 
tilages.  I  have  failed  to  find  this  type  of  ending.  The  musculature 
of  the  adult  human  trachea  differs  from  that  of  the  new-born 
child  in  that  the  bands  of  muscle  connected  with  a  given  cartilage 
maintain  to  a  greater  extent  their  independence  than  in  the  new¬ 
born  child,  where  they  form  a  more  complex  network. 

Longitudinal  bands  of  smooth  muscle  have  been  described  by 
Reisseisen,  Piersol,  v.  Ebner,  and  others;  it  seems  to  me  that  the 
statement  by  Cramer  and  by  Luschka  that  they  are  exceptional 
covers  the  case.  Possibly,  some  of  those  who  have  described  a  longi¬ 
tudinal  layer  of  muscle  have  mistaken,  as  did  Thomas  Willis,  the 
longitudinal  layer  of  elastic  fibers  for  smooth  muscle,  though  v. 
Ebner  places  them  outside  of  the  circular  layer  of  muscle  and  con¬ 
sequently  they  could  not  have  been  mistaken  for  the  elastic  layer 
which  is  situated  internal  to  the  muscular  layer. 

Arrangement  of  the  Muscle  at  the  Carina.  If  a  trachea  be  divided 
25  or  30  mm.  above  its  bifurcation,  on  looking  into  the  cut  end 
there  can  be  seen  running  in  an  anteroposterior  direction  across 
the  bottom  of  the  trachea  between  the  two  bronchi,  and  somewhat 
to  the  left  of  the  midline,  a  semilunar  ridge,  the  carina  tracheae. 
The  margins  of  the  carina  diverge  as  they  reach  the  anterior  wall 
of  the  trachea  and  form  the  lateral  boundary  of  what  Heller  and 
v.  Schrotter  term  the  “anterior  spur  triangle.”  Posteriorly  there 
is  also  formed  a  smaller  “posterior  spur  triangle.”  The  former  of 
these  does  not  concern  us,  but  the  latter  must  be  considered  in  con¬ 
nection  with  the  arrangement  of  the  bands  of  muscle  at  this  point. 

Converging  bands  of  muscle  extend  between  the  ends  of  the  last 
tracheal  cartilage  and,  in  the  case  of  the  bands  on  the  left  side, 
the  last  two  or  even  three  tracheal  cartilages  and  the  posterior 
portion  of  the  carina.  These  converging  bands  of  muscle  and  the 
transverse  bands  connecting  the  ends  of  the  last  tracheal  cartilage 
form  the  boundary  of  a  triangular  area,  which  varies  in  extent  and 
corresponds  to  the  “posterior  spur  triangle”  of  Heller  and  v. 
Schrotter.  The  higher  origin  of  the  left  bands  of  muscle  is  a  con¬ 
stant  factor.  These  converging  bands  are  situated  internal  to  the 
tracheal  bands  whenever  they  cross  them  (Fig.  8). 

Situated  between  the  muscular  layer  and  the  mucosa  is  a  layer 
of  closely  interwoven  elastic  fibers  which  run  lengthwise  along  the 
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trachea.  Zuckerkandl  correlates  the  longitudinal  folds  of  the 
trachea  with  bundles  of  these  fibers.  I  have  been  unable  to  find  any 
relation  between  the  folds  and  the  elastic  fibers.  The  elastic  fibers 
appear  in  the  form  of  bundles  because  of  the  folds;  the  folds  are 
formed  by  the  contraction  of  the  muscle  and  the  inherent  elasticity 
of  the  cartilages  and  not  by  bundles  of  elastic  fibers. 

Glands.  The  tracheal  glands  belong  to  the  tubulo-acinar  type. 
They  are  situated  in  the  submucosa  and  are  more  abundant  in  the 
anterior  wall  of  the  trachea  than  in  the  lateral  wall. 

In  the  posterior  membranous  wall  they  are  situated  not  only  in 
the  submucosa  but  also  within  and  behind  the  muscular  layer,  so 
that  their  ducts  pass  through  the  muscular  layer  in  order  to  reach 


Fig.  9. — Section  of  the  epithelium  lining  a  bronchus  3  mm.  in  diameter.  X500. 


the  surface  of  the  mucosa.  Not  infrequently  the  ducts  open  on  the 
surface  of  the  mucosa  by  a  funnel-shaped  enlargement.  In  longi¬ 
tudinal  sections  of  the  trachea  the  glands  are  seen  to  be  grouped 
in  clusters  between  the  cartilages. 

Tracheal  and  Bronchial  Epithelium.  By  some  authors,  for  ex¬ 
ample,  F.  E.  Schulze,  the  epithelium  is  described  as  consisting  of 
a  single  layer  of  ciliated  columnar  cells  interspersed  with  goblet 
cells.  Where  more  than  one  row  of  nuclei  appears  in  a  section,  those 
who  contend  for  a  single  layer  say  it  is  due  to  an  oblique  section 
of  the  epithelium,  and  call  it  “pseudo-stratified  epithelium.”  It  is 
true  that  in  the  smaller  bronchi  the  epithelium  often  appears  to 
consist  of  a  single  layer,  but  a  close  study  will  enable  one  to  dif¬ 
ferentiate  more  than  a  single  type  of  cells,  goblet  cells  excluded. 

There  is  but  little  distinction  between  the  epithelium  lining  the 
trachea  and  that  lining  the  bronchi;  in  each  instance  the  epithelium 
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consists  of  several  rows  of  cells  in  which  four  types  can  be  recog¬ 
nized:  (1)  basal  cells;  (2)  “Ersatzzellen”  or  intermediate  cells;  (8) 
ciliated  cells;  and  (4)  goblet  cells.  Of  these  four  types  the  ciliated 
and  the  goblet  cells  exceed  the  others  in  number  (Fig.  9). 

Basal  Cells.  The  basal  cells  form  the  deepest  row  of  cells,  and 
they  are  situated  just  above  the  basement  membrane.  Their 
nuclei  are  sometimes  round,  sometimes  elongated  and  parallel  to 
the  basement  membrane  on  which  the  cells  rest.  Dividing  nuclei 
are  not  often  seen.  Drasch  has  described  basal  cells  as  dividing 
in  such  a  manner  that  the  resulting  cells  lie  one  above  the  other; 
on  the  other  hand,  cells  are  sometimes  seen  dividing  in  the  oppo¬ 
site  direction. 

Intermediate  Cells.  The  intermediate  cells  form  the  second 
layer,  and  have  various  shapes  due  to  the  pressure  exerted  by  the 
adjoining  cells.  They  are,  in  general,  spindle-shaped  and  often 
extend  from  the  basement  membrane  to  the  surface  of  the  epithe¬ 
lium.  When  this  is  the  case,  the  outer  end  usually  tapers  to  a 
point;  or  it  may  end  in  a  rounded  extremity. 

Ciliated  Cells.  The  ciliated  cells  of  the  trachea  and  the  larger 
bronchi  belong  to  the  columnar  type;  in  the  bronchioles  they 
belong  to  the  cuboidal  type.  The  outer  free  ends  of  the  ciliated 
cells  possess  a  thickened,  cuticuiar  border  which  bears  the  cilia. 
Chambers  and  Renyi  have  shown  that  it  is  only  at  this  cuticuiar 
border  that  ciliated  cells  have  a  continuity.  “The  apparent  continu¬ 
ity  between  contiguous  cells  of  this  type  does  not  seem  to  be  an 
organic  one  in  the  same  sense  as  that  which  exists  in  squamous 
stratified  epithelium.”  Injury  of  one  cell,  they  find,  is  not  trans¬ 
mitted  to  adjoining  cells.  The  lower  or  attached  end  of  the  ciliated 
cell  is  much  smaller  than  the  free  end;  it  may  be  rounded,  or  it 
may  be  divided  into  a  number  of  fine  prolongations.  The  ciliated 
cells  extend  through  the  entire  thickness  of  the  epithelial  layer  and 
their  lower  ends  always  reach  the  basement  membrane.  At  the 
place  where  the  ducts  coming  from  the  mucous  glands  enter  the 
trachea  or  bronchi,  the  ciliated  cells  line  the  trumpet-shaped  open¬ 
ing  and  extend  some  distance  into  the  duct. 

As  stated  by  Kolliker,  ciliated  epithelium  extends  beyond  the 
point  where  goblet  cells  disappear;  it  does  not,  however,  form  a 
complete  layer,  for,  interspersed  with  the  ciliated  cells,  there  are 
numerous  non-ciliated  cells.  Moreover,  the  type  of  the  cilia-bear- 
ing  cells  changes  from  a  columnar  to  a  cuboidal  epithelium,  which 
is  the  predominating  type  of  epithelium  in  bronchioli  between  0.3 
mm.  and  0.4  mm.  in  diameter. 

Goblet  Cells.  The  goblet  or  chalice  cells,  like  the  ciliated  cells, 
extend  through  the  entire  thickness  of  the  epithelial  layer.  As  their 
name  implies,  they  often  have  an  outline  which  may  be  compared 
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to  that  of  a  goblet;  but  the  pressure  exerted  by  the  adjoining  cells 
frequently  modifies  their  outline.  Their  lower,  or  attached,  end  is 
applied  to  the  basement  membrane.  This  may  be  expanded  into  a 
“foot,”  it  may  end  in  a  pointed  prolongation,  or,  like  the  ciliated 
cells,  in  a  number  of  fine  prolongations.  Their  free  end  varies  in 
outline;  sometimes  it  is  widely  open;  then  again  it  may  be  con¬ 
tracted  into  what  may  be  compared  to  the  neck  of  a  bottle.  Their 
nuclei  are  usually  situated  on  the  same  plane  as  those  of  the  ad¬ 
joining  ciliated  cells.  As  a  rule,  goblet  cells  are  more  abundant  in 
the  larger  bronchi  than  in  the  trachea.  In  sections  cut  parallel  to 
the  surface  of  the  epithelium,  or  in  surface  views  of  the  epithelium, 
the  position  of  the  goblet  cells  can  be  recognized  by  their  clear, 
more  or  less  round  openings,  in  the  midst  of  the  finely  granular  ends 
of  the  ciliated  cells.  While  goblet  cells  are  found  abundantly  in  the 
larger  bronchi,  they  diminish  in  number  as  the  bronchi  diminish 
in  diameter,  and  finally  disappear  in  bronchioli  of  0.4  mm.  in 
diameter. 

Throughout  the  tracheal  and  bronchial  epithelium  scattered 
lymphocytes  are  found;  but  I  have  not  found,  in  the  normal  lung, 
those  collections  described  by  some  authors. 

Regeneration.  The  basal  cells  give  origin  to  the  restitution  or 
intermediate  cells  (“Ersatzzellen”  of  Kolliker,  “Keilzellen”  of 
Drasch) ;  and  the  intermediate  cells  give  origin  on  the  one  hand  to 
the  ciliated  cells  and  on  the  other  hand  to  a  lesser  number  of  goblet 
cells.  Drasch  describes  the  goblet  cells  as  a  transitional  stage  in  the 
development  of  the  ciliated  cell  from  his  “Keilzellen.”  Goblet  cells 
are  not  infrequently  seen  with  a  row  of  cilia  around  the  circumfer¬ 
ence  of  their  opening.  This  seems  to  indicate  that  they  represent 
a  mucous  degeneration  of  the  ciliated  cells,  a  view  that  is  taken  by 
Waller  and  Bjorkman,  F.  Merkel,  Knauff,  and  Kolliker. 

The  occurrence  of  mitotic  figures  in  the  tracheobronchial  epi¬ 
thelium  is  rarely  noted.  Bockendahl  has  found  them  scattered 
through  the  tracheal  epithelium,  but  he  considers  regeneration  of 
the  epithelium,  under  normal  conditions,  to  be  very  inactive,  a 
conclusion  previously  reached  by  Henle. 

As  previously  stated,  occasionally  basal  cells  with  two  nuclei 
are  found,  and  in  one  instance  a  ciliated  cell  with  two  nuclei  has 
been  seen. 

Stratified  Squamous  Epithelium.  The  earliest  accounts  of  strati¬ 
fied  squamous  epithelium  in  the  human  trachea  with  which  I  am 
acquainted  are  found  in  papers  by  Griffini  and  by  Baraban.  Bara- 
ban  found  areas  of  squamous  epithelium  in  the  trachea  of  an  execut¬ 
ed  criminal.  It  has  not  been  my  fortune  to  find  this  type  of  epi¬ 
thelium  in  the  human  trachea,  but  I  have  found  it  in  the  human 
bronchi.  Baraban  thinks  that  the  transition  of  ciliated  epithelium 
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into  stratified  squamous  epithelium  is  due  to  a  low  grade  of  irri¬ 
tation  which  leads  to  the  loss  of  the  cilia  and  to  the  appearance  of 
mucus  in  the  cells. 

As  was  the  case  with  Grifhni,  all  the  instances  in  which  I  have 
found  stratified  squamous  epithelium  in  the  human  bronchi  have 
been  from  tuberculous  lungs  (Fig.  10).  As  suggested  by  Baraban, 
it  was  probably  the  constant  coughing  that  played  the  chief  role 
in  the  change  from  ciliated  to  stratified  squamous  epithelium. 

Lymphatics.  According  to  Teichmann,  the  lymphatics  of  the 
trachea  consist  of  two  layers  which  are  connected  with  each  other 
by  anastomoses:  an  outer,  situated  in  the  tunica  mucosa,  and  an 
inner  overlying  layer. 


Fig.  10. — Longitudinal  section  of  a  bronchus  lined  with  stratified 
squamous  epithelium.  From  a  case  of  tuberculosis.  X500. 

In  that  portion  of  the  trachea  containing  cartilaginous  crescents 
the  principal  trunks  run  parallel  to  the  cartilages.  On  the  other 
hand,  in  the  membranous  portion  their  direction  is  changed;  they 
bend  around  the  end  of  the  cartilage  crescents  and  run  more  in  the 
long  axis  of  the  trachea.  Those  branches  of  the  inner  layer  which 
run  on  the  cartilage  crescents  are  thinner  than  those  which  are 
situated  between  the  cartilages. 

External  to  the  vessels  of  the  inner  layer,  and  between  them, 
originate  trunks  provided  with  valves.  (They  are  best  seen  in  longi¬ 
tudinal  sections  of  the  trachea.)  These  in  general  lie  between  the 
cartilages  and  run  to  the  right  and  left  until  they  have  reached  the 
membranous  portion  of  the  trachea.  From  here  the  vessels  take 
different  directions  according  to  the  situation  of  the  nodes  into 
which  they  empty. 


Chapter  III 


INTRAPULMONARY  BRONCHI  AND  BRONCHIOLI 

The  trachea  divides  into  the  right  and  left  bronchus.  The  level 
at  which  this  takes  place  varies,  according  to  Mehnert,  with  the 
age  of  the  individual.  In  the  new-born  child  it  most  frequently 
takes  place  at  the  level  of  the  third  thoracic  vertebra  ;  but  it  may  be 
as  low  as  the  fourth.  In  the  adult  it  usually  divides  about  the 
level  of  the  intervertebral  disk  between  the  fourth  and  fifth  thorac¬ 
ic  vertebrae ;  it  may,  however,  divide  as  low  as  the  fifth  or  sixth 
thoracic  vertebra. 

The  earlier  anatomists  described  the  right  bronchus  as  having 
a  more  horizontal  direction  than  the  left  bronchus.  Engel,  followed 
by  Pansch,  was  the  earliest  I  have  found  to  maintain  the  opposite 
view:  namely,  that  the  right  bronchus  followed  closely  the  gen¬ 
eral  direction  of  the  trachea,  while  the  left  bronchus  diverged  at  a 
greater  angle. 

The  angle  at  which  the  two  bronchi  are  given  off  varies,  accord¬ 
ing  to  Kobler  and  v.  Hovorka,  with  the  age  of  the  individual.  In 
16  new-born  children  the  angle  at  which  the  right  bronchus  was 
given  off  varied  from  10°  to  35°;  for  the  left  bronchus  the  angle 
varied  from  30°  to  65°.  In  an  adult  male  the  right  bronchus  was 
given  off  at  an  angle  of  20°;  the  left  bronchus  at  an  angle  of  40°. 
In  an  adult  female  the  right  bronchus  was  given  off  at  an  angle  of 
19°;  the  left  bronchus  at  an  angle  of  51°.  The  angle  of  divergence 
averaged  70°. 

Aeby  demonstrated  that  there  is  a  main  bronchus,  gradually 
diminishing  in  size,  which  extends  through  each  lung.  These  main 
bronchi  are  direct  continuations  of  the  two  bronchi  into  which  the 
trachea  divides.  From  each  main  bronchus  lateral  branches,  rami 
bronchiales,  are  given  off  in  a  monopodial  manner;  these  lateral 
branches  were  named  by  Aeby  dorsal  and  ventral  bronchi.  The 
dorsal  bronchi  are  usually  shorter  and  more  slender  than  the  ven¬ 
tral  bronchi. 

According  to  Aeby,  the  arteria  pulmonalis,  as  it  passes  to  each 
lung,  crosses  the  main  bronchus  near  its  upper  part  and,  running 
along  its  lateral  side,  gradually  comes  to  lie  dorsal  to  the  bronchus. 
All  lateral  bronchi  which  arise  from  the  main  bronchus,  below  the 
place  where  the  arteria  pulmonalis  crosses,  were  called  by  Aeby 
hyparterial  bronchi.  On  the  right  side  in  man  a  single,  rather  large 
bronchus  arises  from  the  main  bronchus,  above  the  place  where 
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the  pulmonary  artery  crosses,  and  was  called  by  Aeby  the  eparte- 
rial  bronchus. 

Occasionally  in  man  the  eparterial  bronchus  arises  directly  from 
the  trachea;  this  point  of  origin  is  constant  in  sheep  and  in  the  ox. 
Below  the  point  where  the  arteria  pulmonalis  crosses  the  main 
bronchus,  the  arrangement  of  the  lateral  bronchi  is  the  same  on 
each  side.  This  peculiarity  of  the  bronchi  leads  to  the  formation 
of  three  lobes  for  the  right  lung,  but  of  only  two  for  the  left.  Aeby 
reasons  that,  as  the  eparterial  bronchus  is  not  present  on  the  left 
side,  the  lobe  to  which  it  is  distributed  is  absent,  and  that  the 
upper  lobe  of  the  left  lung  and  the  middle  lobe  of  the  right  lung  are 
homologous. 

This  conception  of  Aeby,  which  he  evolved  from  his  studies  of 
the  comparative  anatomy  of  the  lungs,  received  confirmation  from 
His,  who  studied  the  development  of  the  lungs  in  human  embryos 
of  various  ages.  His  showed  that  from  the  first  there  was  an  un- 
symmetrical  arrangement  of  the  lung  buds,  there  being  three  on 
the  right  side  but  only  two  on  the  left.  He  agreed  with  Aeby  that 
the  mode  of  branching  for  the  main  bronchus  was  monopodial, 
but  disagreed  as  to  the  lateral  bronchi,  which  he  claimed  were 
dichotomous  in  their  mode  of  branching. 

Ewart,  in  his  work  on  the  bronchi  and  blood  vessels  of  the  human 
lungs,  differs  from  Aeby.  He  believes  in  dichotomy;  not  the  even 
dichotomy  of  the  older  authors,  but  uneven  dichotomy.  He  says: 
“The  further  dissection  is  carried  within  the  lung,  the  less  rarely 
does  even  dichotomy  occur. ”  In  another  place  he  says:  “The 
products  of  a  dichotomy  which  had  been  carried  through  with 
mathematical  precision  would  have  fitted  ill  within  the  pleural 
boundaries.  Nay,  even  the  more  elastic  principle  of  ‘monopodial 
branching’  requires,  in  its  working,  to  be  allowed  some  latitude. 
All  so-called  principles,  or  laws,  are  overruled  by  a  higher  law, 
the  law  of  adaptation.” 

Narath  denies  that  the  arteria  pulmonalis  influences  the  de¬ 
velopment  of  the  bronchial  tree.  He  claims  that  the  eparterial 
bronchus  on  the  right  side  is  homologous  with  the  dorsal  branch 
arising  from  the  first  ventral  bronchus  on  the  left  side.  The  epar¬ 
terial  bronchus,  according  to  Narath,  is  therefore  a  dorsal  lateral 
branch  of  the  first  ventral  bronchus  which  has  migrated  up  the 
main  bronchus.  In  a  later  communication  he  studied  the  problem 
from  the  embryological  side  and  found  confirmation  of  his  pre¬ 
viously  expressed  opinion. 

As  the  result  of  a  series  of  comparative  anatomy  studies  Hun¬ 
tington  reaches  the  conclusion  that  “the  right  and  left  lungs  agree, 
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morphologically,  in  the  type  of  their  bronchial  distribution.” 
This  leads  to  the  following  propositions: 

Right  side.  Left  side. 

Upper-middle  lobe  =  Upper  lobe. 

Lower-cardiac  lobe  =  Lower  lobe. 

Huntington  agrees  with  Narath  that  migration  and  not  the 
arteria  pulmonalis  is  the  active  principle  in  modifying  the  archi¬ 
tecture  of  the  lung,  but  disagrees  with  him  in  the  derivation  of  the 
apical  bronchus.  The  type  of  bronchial  division  is  given  by  Hun¬ 
tington  as  being  “practically  dichotomous.” 

In  a  number  of  contributions,  d’Hardiviller  opposes  the  theory 
of  dichotomy,  supporting  Aeby  in  this  respect,  but  strongly  op¬ 
poses  him  in  the  manner  in  which  the  bronchi  arise  from  the  main 
stem.  The  lungs  are  at  first  symmetrical  and  have  on  each  side  an 
eparterial  bronchus.  Deviations  from  this  type  are  to  be  referred 
to  the  result  of  atrophy.  The  eparterial  bronchus  is  not  a  lateral 
branch  of  a  hyparterial  bronchus  as  described  by  Narath,  but  is  a 
special  bronchus. 

Birch-Hirschfeld  has  investigated  the  bronchial  tree  of  adults 
and  agrees  with  Narath  that  the  upper  part  of  the  left  lobe  corre¬ 
sponds  to  that  part  of  the  right  lung  which  is  supplied  by  the 
eparterial  bronchus.  From  a  pathological  standpoint  Birch-Hirsch¬ 
feld  thinks  that  only  such  branches  should  be  designated  “apical” 
as  are  exclusively  distributed  to  the  upper  portion  of  each  lung. 

A  recent  study,  by  Justesen,  of  the  division  of  the  bronchi  leads 
him  to  the  conclusion  that  the  mode  of  division  is  a  modified 
dichotomy  in  which  one  branch  becomes  much  more  highly  de¬ 
veloped  than  the  other.  This  type  of  division  is  designated  by  him 
“sympodial,”  a  name  applied  by  botanists  to  a  similar  mode  of 
branching  in  plants. 

Flint  has  made  an  extended  study  of  the  development  of  the 
bronchial  tree  and  he  finds  that  the  growth  of  the  main  series  of 
bronchi  is  monopodial  in  character;  subsequent  division  of  the 
branches  may  be  either  monopodial  or  dichotomous,  the  type 
depending  on  the  space  in  which  the  bronchi  have  to  divide. 

In  my  own  studies  of  the  mode  of  division  in  the  adult  lung  I 
have  found  that  the  mode  of  division  for  the  main  series  is  mono¬ 
podial,  but  that  the  mode  of  division  for  the  smaller  bronchi  is  a 
mixed  dichotomy  and  monopody. 

Cartilages.  The  shape,  position  and  relationship  of  the  intra- 
pulmonary  cartilages  form  an  interesting  study.  Some  time  ago  I 
began  a  series  of  reconstructions,  intending  to  cover  several  verte- 
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brate  types,  but  got  no  further  than  a  reconstruction  of  the  trachea 
and  bronchi,  with  their  cartilages,  in  the  guinea  pig,  and  the 
trachea,  certain  of  the  bronchi,  and  their  cartilages,  in  man. 

While  the  tracheal  and  pulmonary  cartilages  are  usually  de¬ 
scribed  as  “hyaline,”  Cutore  and  other  investigators  have  described 
the  bronchial  cartilages  as  containing  elastic  fibers,  thus  making 
the  intrapulmonary  cartilages  “fibro-elastic  cartilages.”  I  have, 
myself,  found  this  type  in  a  few  instances;  but  further  study  is 

necessary  to  establish  this  as  the  predomi¬ 
nant  type  in  the  human  lung.  If  it  is  not  the 
predominant  type,  where  is  it  more  fre¬ 
quently  found,  in  the  bronchi  or  in  the  carti¬ 
laginous  bronchioli? 

There  are  numerous  problems  which  were 
brought  out  by  the  reconstructions  that 
need  further  study.  What  relation  do  the 
cartilages  bear  to  the  bronchial  musculature? 
Is  the  muscle  ever  attached  to  the  cartilages? 
What  are  the  mechanics  of  the  support  the 
cartilages  give  to  the  bronchi,  especially 
where  branches  are  given  off,  and  what  is 
the  medium  of  the  support?  What  influence 
does  age  exert  on  the  cartilages?  Not  one  of 
these  questions  has  received  a  satisfactory 
answer. 

As  the  bronchi  are  followed  into  the  lung,  the  cartilages  have, 
at  first,  much  the  same  form  as  in  the  trachea;  but  gradually  the 
membranous  interval  between  the  ends  of  the  more  or  less  crescent¬ 
shaped  cartilages  changes  from  a  posterior  -to  a  mesial  position 
along  the  main-stem  bronchus. 

The  usual  statement  that,  with  the  entrance  of  the  main  bron¬ 
chus  into  the  lung,  and  its  breaking  up  into  branches,  the  cartilages 
no  longer  appear  as  crescents,  but  become  irregular-shaped  plates 
which  are  scattered  along  the  length  of  the  bronchi,  is  only  partly 
correct.  If  followed  through  serial  sections,  these  “plates”  are  found 
to  be  parts  of  distinct  cartilages,  just  as  sections  through  the 
trachea  show  that  the  segments  found  in  an  individual  section 
belong  to  distinct  cartilages  (Fig.  11). 

The  shape  of  the  cartilages  at  the  place  where  bronchi  divide 
is  of  interest.  Horner  was  the  first  to  call  attention  to  their  peculiar 
shape;  he  says,  “At  the  orifice  of  each  branch  of  the  bronchia 
there  is  a  semi-lunar  cartilage,  forming  rather  more  than  one-half 
of  its  circumference  and  having  its  concave  edge  upwards.  The 
whole  arrangement  resembles  somewhat  the  pasteboard  of  an 


Fig.  11. — Outline  of 
the  section  along  the 
line  A,  in  figure  5.  Note 
circular  outline  of  the 
section.  The  numbers  2, 
3,  4,  indicate  the  carti¬ 
lages  through  which  the 
plane  of  the  section 
oasses.  X6. 


INTRAPULMONARY  BRONCHI  AND  BRONCHIOLI 


25 


eared  bonnet,  and  is  evidently  to  keep  the  orifice  open.”  Horner 
does  not  give  an  illustration  of  these  peculiarly  shaped  cartilages, 
but  King  gave,  in  his  short  account  of  the  bronchial  cartilages, 
several  small  and  unsatisfactory  drawings  of  this  form  of  cartilage; 


Fig.  12. — A  tj^pical  sadclle-shapecl  cartilage  in  the  lung  of  the  guinea  pig, 
situated  at  the  first  division  of  the  main-stem  bronchus  in  the  left  lobus  in¬ 
ferior.  A  shows  the  cartilage  in  situ  when  seen  from  the  dorsal  side;  B,  when  seen 
from  the  ventral  side;  C  shows  the  cartilage  alone.  X22. 

he  also  said  that  cartilages  at  the  place  where  bronchi  divide  did 
not  always  have  this  characteristic  saddle  shape,  but  were  subject 
to  “a  considerable  number  of  varieties.”  I  have  found  this  form  of 


Fig.  13. — Dorsal  view  of  a  small 
typical  saddle-shaped  cartilage  shown 
in  situ.  Its  relation  to  the  two  prin¬ 
cipal  bronchi  is  clearly  shown;  also 
the  prolongation  by  which  it  comes 
into  relation  with  a  third  bronchus. 

The  bronchi  are  shown  as  though  transparent.  Xl5. 


Fig.  14. — A  small  bronchus,  from 
the  lung  of  a  guinea  pig,  surrounded  by 
a  ring-shaped  cartilage  which  is  quite 
irregular  in  its  formation.  Xlo. 


cartilage  not  only  in  man  (Fig.  12)  but  also  in  the  guinea  pig  (Fig. 
13).  I  have  also  found  another  type  of  cartilage,  circular  in  shape, 
which  surrounds  a  bronchus  at  the  point  where  it  leaves  its  main- 
stem  bronchus.  In  roentgenograms  of  the  lung  small  circular  den¬ 
sities  are  often  seen,  which  have  been  interpreted  as  being  due  to  a 
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bronchus  which  opens  either  directly  toward,  or  away  from,  the 
observer.  It  may  be  possible  that  the  density  is  caused  by  one  of 
these  ring-shaped  cartilages,  especially  when  it  has  the  form  of 
Figure  14. 

Eventually  a  point  is  reached  where  cartilages  are  found  in  the 
form  of  irregular  plates.  This  is  the  first  step  in  their  final  disap- 


Fig.  15. — Transverse  section  of  a  bronchiolus  0.96  mm.  in  diameter  which 
includes  a  longitudinal  section  of  a  branch  0.34  mm.  in  diameter.  1:  section 
of  a  ganglion  and  its  accompanying  nerve.  2:  sections  of  the  bronchial  artery. 
3:  gland  with  its  duct  opening  on  the  inner  surface  of  the  bronchiolus.  4:  sec¬ 
tions  of  cartilages.  5:  smooth  muscle  in  the  wall  of  the  bronchiolus.  X35. 

pearance.  The  point  where  they  disappear  from  the  bronchi  is 
variously  stated;  Frankenhauser  says  in  bronchi  0.4  mm.  in  dia¬ 
meter;  Kolliker,  in  bronchi  0.85  mm.;  Spalteholz,  Henle,  Krause 
and  others  say  in  bronchi  1  mm.  in  diameter.  From  numerous 
measurements  I  have  made,  it  appears  to  me  that  the  point  varies 
in  different  individuals  and  even  in  the  same  lung.  My  own  average 
gives  between  0.6  mm.  and  0.7  mm.  Whatever  the  diameter  of  the 
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bronchus  may  be  where  cartilage  disappears,  the  last  bit,  often  in 
the  form  of  a  slender  rod  rather  than  a  plate,  is  found  where  a 
bronchiolus  divides. 

Figure  15  is  a  transverse  section  of  a  bronchiolus  0.96  mm.  in 
diameter  cut  in  such  a  manner  that  a  longitudinal  section  of  a 
branch  0.34  mm.  in  diameter  is  included  in  the  section.  The  larger 
of  the  bronchioli  contains  cartilage,  while  the  smaller  branch  con¬ 
tains  no  cartilage.  The  large  plate  of  cartilage  at  the  dividing  angle 
of  the  bronchioli  is  part  of  a  saddle-shaped  cartilage,  while  the 
remaining  cartilages  are  “plates.7’  Both  ciliated  epithelium  and 
glands  are  present  in  the  bronchiolus,  which  is  cut  longitudinally. 

Muscle.  The  earliest  description  of  the  musculature  of  the  bron¬ 
chi  was  given  by  Reisseisen.  He  described  it  as  being  attached  to 
the  bronchial  cartilages  and  spreading  out  so  as  to  fill  the  spaces 
between  the  cartilages.  The  muscle  did  not  disappear  at  the  point 
where  the  cartilages  ceased  to  be  present;  but  it  could  be  followed 
by  means  of  a  dissecting  lens,  especially  in  the  lungs  of  an  adult 
robust  man,  as  far  as  it  was  possible  to  open  a  bronchial  tube  with 
a  scalpel.  Reisseisen  inferred  from  this  that  it  extends  to  the  ulti¬ 
mate  end  of  the  bronchial  tube.  Because  he  gave  the  primary 
description  of  the  bronchial  musculature,  later  investigators  have 
frequently  called  it  the  Muscle  of  Reisseisen. 

Following  Reisseisen  there  is  a  long  list  of  investigators  who  have 
made  mention  of  the  muscle  and  have  given  various  descriptions 
of  its  arrangement.  From  this  list  the  descriptions  given  by  the 
following  authors  have  been  selected  as  the  best  representatives  of 
of  the  diverse  ooinions. 

E.  Schultz  describes  the  muscle  as  forming  a  completely  closed 
layer.  Frankenhauser  describes  the  muscle  as  a  Ringmuskelschicht, 
which  forms  in  the  human  lung  a  muscular  tube  which  only  occa¬ 
sional  breaks  in  its  continuity.  F.  E.  Schulze  describes  the  muscle 
as  consisting  of  smooth  muscle  fibers  that  pursue  a  circular  course ; 
but  he  adds  that  toward  the  end  of  the  terminal  branch,  the  layer 
gradually  grows  thinner  and  finally  breaks  up  into  individual  ring 
bands  which  are  separated  from  each  other  by  more  or  less  broad 
fissures.  These  bands  often  consist  of  only  a  single  layer  of  muscu¬ 
lar  cells,  but  are  at  the  same  time  interwoven  with  delicate  elastic 
fibers. 

Toldt  gives  a  more  detailed  description  of  the  muscular  layer. 
He  describes  the  muscle  as  forming  a  completely  closed  layer  in  the 
bronchi  of  the  cat;  but  the  walls  of  the  bronchi  in  man  also  have 
smooth  muscle  bundles  in  their  entire  circumference.  They  are 
situated  just  beneath  the  tunica  propria  of  the  mucosa  and  form  a 
connected  but  not  a  complete  layer.  Their  arrangement  is  lattice- 
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Fig.  16.— Muscle  bands  in  a  bronchiolus  from 
the  lung  of  a  guinea  pig.  Xl20, 
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like  (gitterformig),  as  can  be  best  demonstrated  in  bronchi  which 
have  been  cut  open  and  spread  out  flat.  The  muscle  is  arranged  in 
flat  bundles  which  have,  in  general,  a  nearly  transverse  course  and 
unite  to  form  a  network.  Between  these  bundles  there  are  spaces, 
bounded  by  acute  angles,  which  are  situated  transverse  to  the  long 
axis  of  the  bronchi.  When  the  bronchi  are  cut  transversely,  the 
muscle  layer  appears  here  and  there  to  be  interrupted  and  the 
smooth  muscle  bundles  are  cut,  not  in  a  true  longitudinal  direc¬ 
tion,  but  more  or  less  obliquely.  In  the  smallest  interlobular  bronchi 
the  muscle  bundles  are  thin  and  consist  of  only  a  few  cells,  and  are 
much  further  apart;  however,  they  still  surround  the  entire  cir¬ 
cumference  of  the  bronchial  tube. 

Kolliker  says  that,  while  the  general  direction  of  the  muscle 
bundles  is  transverse  to  the  course  of  the  bronchi,  they  are  so  con¬ 
nected  that  they  form  a  network  and  nowhere  do  they  form  a 
closed  layer  as  in  the  circular  muscle  layer  of  the  intestine. 

Sappey  describes  the  muscle  as  being  continuous,  and  compares 
it  to  the  circular  layer  of  muscle  in  the  intestinal  wall.  Dubreuil 
and  Lamarque  studied  the  musculature  of  the  bronchi  in  the 
human  lung  and  that  of  various  domestic  animals.  They  give  an 
illustration  of  the  network  of  smooth  muscle  in  an  “alveolar  canal” 
from  the  lung  of  an  ox.  The  muscle  is  described  as  a  plexiform 
sphincter  and,  according  to  their  illustration,  the  rather  coarse 
mesh  of  the  network  is  elongated  parallel  to  the  long  axis  of  the 
ductulus  alveolaris.  They  support  the  statement  made  by  Rind- 
fleisch  that  muscle  is  present  in  the  walls  of  the  sacculi  alveolares 
and  alveoli. 

None  of  the  above  descriptions  defines  the  type  of  the  network 
which  the  smooth  muscle  forms  in  the  walls  of  the  bronchi  and 
bronchioli. 

Having  exhausted  all  attempts  to  find  a  technical  term,  I  asked 
the  assistance  of  President  Max  Mason,  now  of  the  Rockefeller 
Foundation,  at  that  time  (1920)  Professor  of  Mathematical  Physics 
at  the  University  of  Wisconsin.  Very  kindly  he  spent  some  hours 
of  an  afternoon  going  over  my  camera  lucida  drawings  and  the 
reconstruction  model.  He  defined  the  network  as  a  “geodesic 
network.”  In  a  personal  communication  President  Mason  gives 
the  following  amplification: 

A  geodesic  line  on  any  surface  is  one  of  shortest  distance  (like  arcs  of 
great  circles  on  a  sphere). 

Stretched  elastic  cords  along  such  lines  exert  a  force  which  is  wholly 
normal  to  the  wall.  A  “geodesic  network”  is  thus  the  ideal  arrangement 
to  withstand  or  produce  pressures  within  the  space  enclosed  by  the 
Surface,  without  a  tendency  to  slip  along  the  surface. 
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For  the  study  of  muscle,  use  has  been  made  of  the  lungs  of  the 
guinea  pig,  cat,  dog,  rabbit,  and  man.  Figure  16  shows  a  section 
from  the  lung  of  a  guinea  pig  in  which  a  cartilaginous  bronchiolus, 


Fig.  17. — Smooth  muscle  bands  in  the  wall  of  a  bronchiolus 

from  the  human  lung,  Xl20. 


0.165  mm.  in  diameter,  is  cut  in  such  a  plane  that  the  muscle 
bands  are  divided  somewhat  obliquely,  while  in  one  of  its  branches, 
0.125  mm.  in  diameter,  only  a  portion  of  the  upper  segment  of  the 
bronchiolus  is  included  in  the  section,  and  this  shows  the  bands  of 
muscle  arching  over  the  wall  of  the  bronchiolus. 

The  bands  have  an  average  thickness  of  0.03  mm.,  and  they 
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vary  from  0.01  mm.  to  0.0265  mm.  in  width.  The  bronchiolus  is 
contracted  and  this  accounts  for  the  close  approximation  of  the 
bands.  A  careful  examination  of  the  photomicrograph  will,  how¬ 
ever,  show  the  branching  and  anastomosing  of  the  muscle  bands. 


Fig.  18. — Reconstruction  showing  the  distribution  of  bands  of  smooth  mus¬ 
cle  along  a  bronchiolus  and  its  subdivisions.  B.,  bronchiolus;  B.R.,  bronchiolus 
respiratorius;  D.AL,  ductulus  alveolaris;  S.A1.,  sacculus  alveolaris.  X125  and 
reduced  to  8. 

Fig.  19. — Same  reconstruction  as  figure  18.  Viewed  from  the  opposite 
side.  See  legend  accompanying  Figure  18. 

The  lungs  of  the  guinea  pig  contain,  proportionally,  a  larger 
amount  of  smooth  muscle  than  those  of  any  other  animal  I  have 
studied.  It  is  the  presence  of  this  large  amount  of  muscle  in  the 
bronchial  tree  and  in  the  pleura  that  makes  the  lung  of  the  guinea 
pig  so  difficult  to  distend. 
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Figure  17  is  a  photomicrograph  of  a  section  of  a  non-cartilagi- 
nous  bronchiolus,  0.65  mm.  in  diameter,  from  the  human  lung.  The 
plane  of  the  section  is  such  that  the  muscle  bands  are  seen  extend¬ 
ing  across  the  lower  Avail  of  the  bronchiolus.  These  bands  are  not  as 


Fig.  20. — Diagrammatic  section  through  Figure  18.  Diameter 
measurements  given  in  millimeters. 

closely  applied  to  one  another  as  those  in  Figure  16,  because  the 
bronchiolus  is  extended  and  not  contracted;  this  permits  the 
branching  and  anastomosing  of  the  bands  of  muscle  to  be  more 
clearly  seen.  The  bands  vary  from  0.02  mm.  to  0.03  mm.  in  thick¬ 
ness  and  from  0.008  mm.  to  0.05  mm.  in  width. 

In  the  lower  portion  of  the  figure  the  muscle  bands  are  obscured 
by  the  extensive  pigmentation.  It  was  on  account  of  the  large 
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amount  of  pigmentation  present  in  such  human  lungs  as  were 
available  that  the  study  was  transferred  to  the  dog’s  lung.  Numer¬ 
ous  comparative  studies  have  shown  that  no  difference  in  the 
arrangement  of  the  muscle  in  the  two  lungs  could  be  discovered. 

Figures  18  and  19  show  two  views  of  a  reconstruction,  from  a 
dog’s  lung,  of  the  musculature  of  a  non-cartilaginous  bronchiolus, 
0.565  mm.  in  diameter,  its  branches,  and  its  termination  in  a  pri¬ 
mary  lobule  of  which  only  a  single  sacculus  alveolaris  is  shown 
completely  reconstructed.  All  of  the  muscle  bands  were  drawn  by 
means  of  the  camera  lucida 
and  placed  on  the  model  in 
as  near  their  original  posi¬ 
tion  as  possible.  By  this 
method  the  width  of  the 
muscle  bands,  their  thick¬ 
ness,  their  relation  to  each 
other,  their  relation  to  the 
places  where  branches  were 
given  off  from  the  bronchi- 
olus,  and  the  distance  to 
which  muscle  extended  in 
the  lung  were  ascertained. 

As  was  the  case  with  the 
bronchiolus  illustrated  in 
Figure  17,  this  bronchiolus 
is  extended ;  it  is  in  the  con¬ 
dition  of  full  inspiration. 

The  angle  at  which  the 
muscle  bands  diverge  from 
each  other  shows  a  marked 
contrast  to  those  in  Figure  16,  and  it  also  shows  the  advantage  of 
studying  the  lung  in  the  condition  of  full  inspiration.  The  tendency 
of  the  muscle  bands  to  have  more  or  less  of  a  triangular  arrange¬ 
ment  at  the  place  where  branches  are  given  off  is  easily  made  out 
in  both  Figures  18  and  19.  This  arrangement  is  quite  characteristic 
and  has  probably  a  direct  relationship  to  the  arrangement  of  the 
elastic  fibers  at  this  point  (see  Fig.  38). 

In  individual  sections  which  have  been  cut  in  such  a  plane  as  to 
include  the  alveoli  of  an  air  tube  but  not  the  air  tube  itself,  it  is 
not  improbable  that  the  presence  of  muscle  has  led  to  the  state¬ 
ment  that  muscle  is  present  in  the  walls  of  the  air  spaces.  The 
same  may  be  true  of  alveoli  belonging  to  sacculi  alveolares  which 
abut  against  a  bronchiolus  when  they  are  cut  in  such  a  plane  that 
only  the  muscle  of  the  bronchiolus  is  included  in  the  section.  This 


Fig.  21. — Transverse  section  of  a  bron¬ 
chiolus  1  mm.  in  diameter.  X500. 
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has  probably  led  to  the  statement  that  muscle  bands  penetrate  to 
the  bottom  of  the  alveoli.  Keeping  in  mind  the  fact  that  the  “in¬ 
fundibulum”  of  the  older  authors  included  an  atrium  and  a  saccu- 
lus  alveolaris,  the  conditions  above  outlined  explain  the  statement 
made  by  Rindfleisch  that  “the  circular  bundles  of  the  muscular 
fibers  of  the  smallest  bronchioles  send  into  the  orifice  of  the  in- 


Fig.  22. — From  a  section  of  a  bronchiolus  0.35  mm.  in  diameter. 

The  type  of  the  ciliated  epithelium  has  changed  from  columnar  to 
cuboidal.  X500. 

fundibula  some  partial  prolongations  which  penetrate  to  the  bot¬ 
tom  of  them.”  If,  however,  serial  sections  be  made  use  of  (and  they 
should  be  used  in  studying  the  structure  of  the  lung),  the  proper 
relation  of  the  muscle  will  be  at  once  recognized. 

At  the  distal  end  of  the  ductulus  alveolaris  the  muscle  forms  a 
sphincter  about  the  openings  leading  into  the  atria  (Fig.  18).  Distal 
to  the  sphincters  about  the  openings  leading  into  the  atria,  no 
muscle  is  found.  As  stated  when  describing  the  muscle  about  the 
alveoli  opening  out  of  the  bronchioli  respiratorii  and  ductuli 
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alveolares,  the  muscle  bands  which  form  these  sphincters  belong 
to  the  musculature  of  the  bronchial  tree  and  not  to  the  atria. 

Figure  20  is  a  diagrammatic  outline  of  a  median  section  through 
the  reconstruction  shown  in  Figure  18,  and  gives  the  diameter, 


Fig.  23. — Longitudinal  section  of  a 
bronchiolus  0.35  mm.  in  diameter.  A  few 
ciliated  cells  of  the  cuboidal  type  can  be 
seen  on  the  right  of  the  figure;  followed 
to  the  left,  they  give  place  to  a  non- 
ciliated  cuboidal  epithelium.  X500. 


Fig.  25. — From  a  longitudinal 
section  of  a  bronchiolus  respira- 
torius  which  shows  a  small  portion 
of  the  wall  of  the  bronchiolus  be¬ 
tween  the  openings  leading  into 
two  alveoli.  The  nuclei  of  three 
cuboidal  cells  can  be  seen,  and  be¬ 
hind  the  epithelium,  the  elongated 
nucleus  of  a  smooth  muscle  cell. 
From  a  bronchiolus  respiratorius 
0.25  mm.  in  diameter.  X500. 


Fig.  24. — Transverse  section  of  a  bronchiolus  respiratorius 
0.35  mm.  in  diameter.  Only  a  few  alveoli  were  present  along  its 
walls.  X500. 


in  millimeters,  of  its  various  divisions.  At  the  lower  end  of  the 
bronchiolus,  where  it  is  0.565  mm.  in  diameter,  the  muscle  bands 
are  0.022  mm.  in  thickness;  in  the  ductulus  alveolaris,  which  meas¬ 
ures  0.192  mm.  in  diameter,  the  muscle  bands  are  0.012  mm.  in 
thickness.  While  the  bronchiolus  has  diminished  about  65  per  cent 
in  diameter,  the  muscle  has  diminished  only  about  43  per  cent  in 
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thickness.  These  results  follow  closely  those  obtained  by  Grancher, 
who  found  that  in  bronchi  10  mm.  in  diameter  the  muscle  was  0.2 
mm.  in  thickness,  while  in  bronchioli  1  mm.  in  diameter  the  muscle 
was  0.1  mm.  in  thickness.  In  other  words,  the  muscle  bands  were 

five  times  as  strong  in  a  bronchiolus 
1  mm.  in  diameter  as  in  a  bronchus 
10  mm.  in  diameter. 

Epithelium  of  the  Bronchioli.  The 
transition  which  the  epithelium  under¬ 
goes  as  the  subdivisions  of  the  bron¬ 
chial  tree  approach  their  termination 
and  alveoli  appear  along  their  walls, 
forms  an  interesting  study.  In  bron¬ 
chioli  of  1  mm.  in  diameter  the  epi¬ 
thelial  layer  diminishes  in  thickness 
(Fig.  21).  Although  there  can  still 
be  recognized  the  various  types  of 
cells  described  in  the  trachea  and 
bronchi,  the  ciliated  cells  far  out¬ 
number  the  other  forms.  Only  here 
and  there  can  a  goblet  cell  be  dis¬ 
tinguished;  in  many  of  the  basal 
cells  the  nucleus  is  oval,  with  its 
long  diameter  parallel  to  the  base¬ 
ment  membrane.  As  was  the  case  in 
the  larger  bronchi,  an  occasional 
lymphocyte  can  be  seen  between  the 
epithelial  cells. 

Previous  to  the  appearance  of 
alveoli  along  the  walls  of  the  bron¬ 
chioli,  the  character  of  the  epithelium 
changes.  The  ciliated  cells  are  now 
of  the  cuboidal  instead  of  the  colum¬ 
nar  type  (Fig.  22).  The  goblet  cells 
have  disappeared,  but  an  occasional 
basal  cell  is  seen.  The  basement 
membrane,  when  cut  transversely,  is 
reduced  to  a  thin  line.  In  a  longi¬ 
tudinal  section  of  a  bronchiolus 
which  is  dividing  into  bronchioli  respiratorii  a  still  further  trans¬ 
formation  of  the  epithelium  can  be  followed.  The  cilia-bearing  cells 
gradually  disappear  and  are  replaced  by  non-ciliated  cuboidal  epi¬ 
thelium  (Fig.  23),  which  can  be  best  seen  in  transverse  sections  of 
bronchioli  respiratorii  which  have  but  few  alveoli  along  their  walls 
(Fig.  24). 


Fig.  26.- — On  the  right  side  of 
the  section,  the  transition  of  the 
cuboidal  epithelium  of  a  bron¬ 
chiolus  respiratorius  into  the 
flattened  epithelium  lining  a 
ductulus  alveolaris  can  be  fol¬ 
lowed,  while  on  the  left  side  of 
the  section  a  ductulus  alveolaris 
is  given  off  at  a  slightly  higher 
level  than  on  the  right  side;  con¬ 
sequently  the  few  epithelial  cells 
present  are  of  the  cuboidal  type. 
X500. 
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The  non-ciliated  cuboidal  epithelium  persists  throughout  the 
bronchioli  respiratorii.  In  longitudinal  sections  of  the  bronchiolus 
it  is  seen  on  those  small  lengths  of  its  wall  which  are  found  be¬ 
tween  the  openings  of  the  alveoli  into  its  lumen  (Fig.  25). 

In  a  longitudinal  section  through  the  wall  of  a  bronchiolus  res- 
piratorius,  at  the  place  where  it  divided  into  two  ductuli  alveolares, 
a  still  further  modification  of  the  epithelium  takes  place.  The 
cuboidal  cells  which  line  the  bronchiolus  respiratorius  gradually 
become  flattened  (Fig.  26)  and  eventually  are  transformed  into 
the  simple  squamous  epithelium  (respiratory  epithelium)  which 
lines  the  walls  of  the  pulmonary  alveoli. 

Basement  Membrane.  The  basement  membrane  of  the  trachea 
and  bronchi,  when  any  attempt  has  been  made  to  describe  it,  has 
been  described  as  a  clear,  homogeneous,  structureless  membrane; 
as  derived  from  the  subepithelial  elastic  layer;  or  as  made  up  of 
elongated  cells,  placed  end  to  end. 

The  work  of  Mall  on  the  reticulum  gave  a  new  conception  of 
basement  membranes  and  their  composition.  He  showed  that  in 
the  case  of  the  kidney  and  of  the  testis,  the  cells  rested  on  a  delicate 
network  of  reticulum.  Flint,  in  his  study  of  the  submaxillary  and 
other  glands,  found  that  the  basement  membrane  in  each  instance 
was  made  up  of  reticulum,  thus  confirming  the  Avork  of  Mall. 

The  introduction  of  Bielschowsky’s  method  of  staining  the 
fibrils  of  reticulum  has  simplified  the  digestion  method  of  Mall  for 
demonstrating  these  fibrils,  and  throughout  the  entire  framework 
of  the  lung  it  has  been  found  that  it  is  reticulum  that  forms  the 
basement  membranes  on  Avhich  the  various  types  of  cells  rest. 

In  the  case  of  the  trachea,  where  the  basement  membrane  is 
especially  thick,  a  feAv  collagenous  fibers  can,  in  some  sections, 
be  demonstrated;  but  Avithin  the  lung  the  basement  membrane 
of  all  the  subdivisions  of  the  bronchial  tree  is  made  up  AAholly  of 
reticulum  (Fig.  22). 


Chapter  IV 
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Because  it  is  a  nomenclature  extensively  used,  and  understood 
by  all,  I  have  used  the  BN  A  nomenclature.  No  attempt  has  been 
made  to  name  the  subdivisions  of  the  bronchial  tree  previous  to 
the  appearance  of  alveoli  along  the  walls  of  the  bronchioli.  We 


have,  therefore,  the  following: 

BN  A 

Bronchioli 

Bronchioli  respiratorii 
Ductuli  alveolares 
Atria 

Sacculi  alveolares 
Alveoli  pulmonum 


English  equivalent 
Bronchioli 

Respiratory  bronchioles 
Alveolar  ducts 
Alveolar  passages 
Atria 
Air  sacs 
Air  cells 


If  the  main  bronchus  or  one  of  its  branches  be  followed  toward 
its  distal  extremity,  a  point  is  finally  reached  where  cartilages  are 
no  longer  present  in  the  bronchial  walls  and  the  bronchi  assume  a 
tubular  character  with  their  Avails  largely  made  up  of  bands  of 
smooth  muscle.  These  tubular  bronchi  haA^e  on  transverse  section 
a  more  or  less  circular  outline  and  are  called  bronchioli. 

Eventually  the  tubular  character  of  the  bronchiolus  changes 
and  there  are  found  small  projections,  in  increasing  number,  on  all 
sides  of  the  bronchiolus.  These  projections  (alveoli)  were  recognized 
by  Thomas  Willis,  Moleschott,  and  other  early  investigators. 

Schulze  Avas  the  first  to  give  a  name  to  this  division  of  the  bron¬ 
chial  tree.  He  called  the  entire  portion  of  the  bronchus  A\diich  had 
alveoli  projecting  from  its  walls  and  was  situated  betAveen  a  tubu¬ 
lar  bronchiolus  and  what  Avas  then  known  as  an  infundibulum,  an 
alveolargang  (alveolar  passage).  Later  Kolliker  subdivided  this 
lengthy  division  into  a  proximal  portion,  which  he  called  the 
bronchiolus  respiratorius ,  and  a  distal  portion,  for  Avhich  he  retained 
the  name  originally  given  by  Schulze  to  the  entire  passage,  alveo¬ 
largang  (noAv  known  as  the  ductulus  alveolaris) ,  basing  his  subdivi¬ 
sion  on  the  difference  in  the  type  of  epithelium  lining  the  tAvo  por¬ 
tions.  Although  he  had  previously  rejected  it,  Kolliker  restored  the 
name  infundibulum,  originally  given  it  by  Rossignol,  to  the  more 
or  less  dilated  extremity  of  the  alveolargang. 

Authors,  in  general,  fail  to  distinguish  between  an  alveolus  be- 
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longing  to  a  bronchiolus  respiratorius  or  to  a  ductulus  alveolaris 
and  one  belonging  to  an  atrium  or  to  a  sacculus  alveolaris.  The 
former  is  an  alveolus  which  communicates  with  the  lumen  of  an 
air  tube  and,  because  of  the  arrangement  of  the  muscle  bands,  has 
a  greater  or  less  amount  of  muscle  in  the  knob,  inverted  T,  or  head 
of  a  cane-shaped  wall,  which  forms  the  boundary  of  its  opening  into 
the  air  tube.  The  muscle  belongs  to  the  air  tube  and  not  to  the  alveolus . 


Fig.  27. — Schematic  longitudinal  section  of  a  pri¬ 
mary  lobule  of  the  lung,  showing  the  relation  of  the 
blood  vessels  to  the  air  spaces,  b.r.,  bronchiolus  respi¬ 
ratorius;  d.ah,  ductulus  alveolaris;  a. a. a.,  atria;  s.ah, 
s.ah,  sacculi  alveolares;  a.p.,  a.p.,  alveoli  pulmonum; 
art.,  arteria  pulmonalis  with  its  branches  to  the  atria 
and  the  sacculi;  v.,  vena  pulmonalis  with  branches  from 
the  pleura  (1),  from  the  ductulus  alveolaris  (2)  and 
from  the  forking  of  the  bronchiolus  respiratorius  (3). 

(After  Miller,  1900.) 

As  far  as  the  termination  of  the  ductulus  alveolaris,  there  is  a 
general  agreement  among  investigators,  but  they  disagree  in  re¬ 
gard  to  the  structure  of  the  lung  distal  to  the  ductulus  alveolaris. 
The  fact  that  the  pulmonary  artery,  which  follows  the  subdivision 
of  the  bronchial  tree,  can  serve  as  a  guide  in  following  the  finer 
divisions  of  the  lung,  seems  to  have  escaped  the  attention  it  de¬ 
serves. 

In  the  chapter  devoted  to  the  blood  vessels  it  will  be  found  that, 
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as  soon  as  the  pulmonary  artery  has  reached  the  distal  extremity 
of  the  ductulus  alveolaris,  it  divides  into  branches  which  corre¬ 
spond  to  subdivisions  arising  from  the  ductulus  alveolaris  that  are 
quite  distinct,  in  structure  and  form,  from  the  ductulus;  and  that 
these  branches  of  the  artery  again  divide  into  finer  branches  which 
correspond  to  still  other  divisions  of  the  air  spaces  (Fig.  27). 

Returning  now  to  the  air  spaces,  it  will  be  found  that,  arising 
from  the  distal  end  of  the  ductulus  alveolaris,  there  are  from  three 
to  six  more  or  less  spherical  cavities,  the  atria.  Each  atrium  com¬ 
municates,  on  the  one  hand,  with  the  ductulus  alveolaris;  on  the 
other  hand,  with  a  variable  number  of  larger  and  more  irregular¬ 
shaped  cavities,  the  sacculi  alveolares ;  projecting  from  the  walls 
of  each  sacculus  and  atrium  there  are  a  number  of  smaller  spaces, 
the  alveoli  pulmonum. 

We  now  have  the  following  nomenclature  for  the  last  divisions 
of  the  bronchial  tree:  bronchiolus  (by  some  called  the  “terminal 
bronchiole”),  bronchiolus  respiratorius ,  ductulus  alveolaris,  atrium, 
sacculus  alveolaris,  alveolus  pulmonum.  The  ensemble  of  ductulus 
alveolaris,  atria,  sacculi  alveolares,  and  alveoli,  together  with  their 
accompanying  blood  vessels,  lymph  vessels,  and  nerves,  form  a 
primary  lobule. 

In  1892  I  published  a  paper  in  which  I  identified  and  described, 
for  the  first  time,  an  atrium,  the  work  being  done  in  the  laboratory 
of  the  late  Professor  F.  P.  Mall,  at  that  time  connected  with  Clark 
University,  Worcester,  Massachusetts.  This  was  followed  in  1893 
by  a  more  detailed  description  basing  the  account  on  a  reconstruc¬ 
tion,  from  serial  sections,  of  the  ultimate  air  spaces  in  the  lung  of  a 
dog.  This  study  was  repeated,  with  additional  observations  on 
the  lymphatics,  while  working  in  the  laboratory  of  Professor  Werner 
Spalteholz  in  Leipzig,  in  1896-97.  (See  Handatlas  der  Anatomu 
des  Menschen,  Leipzig,  1914.  Bd.  iii,  Fig.  624;  also  Archivf.  Anat. 
u.  Physiol.,  Anatom.  Abthl.  1900.)  After  my  return  to  the  United 
States,  reconstructions  were  made  from  the  lung  of  the  cat,  a  man 
forty-seven  years  old,  and  a  nine-week-old  child.  In  each  instance 
I  found  the  same  arrangement  of  the  ultimate  air  spaces  as  I 
found  in  my  original  reconstruction  from  the  lung  of  the  dog.  Nat¬ 
urally,  there  was  a  variation  in  the  size  of  the  primary  lobule,  the 
number  of  atria  arising  from  a  ductulus  alveolaris,  and  the  number 
of  sacculi  alveolares  connected  with  an  individual  atrium. 

The  study  of  the  lung  of  the  cat,  consisting  of  a  bronchiolus  and 
the  air  spaces  connected  with  it,  brought  out  several  interesting 
points.  The  bronchiolus  divided  into  two  branches,  bronchioli 
respiratorii,  bearing  scattered  alveoli;  one  of  these  branches  was 
carried  out  in  detail.  After  a  short  course  it  divided  into  two 
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■  LOBULE  I 
LOBULE  2 


■  LOBULE  3 
ATRIA 


□  DUCTULI  ALVEOLARES 


BRONCHIOLI  RESPI RATORI I  B 


BRONCHIOLI  RESPI  RATORI  I  A 


BRONCHIOLUS 


Fig.  28. — A  purely  diagrammatic  representation  of  the  portion  of  the  lung 
entering  into  the  reconstruction.  It  shows  schematically  the  method  of  branch¬ 
ing  of  the  bronchi,  the  number  of  atria  arising  from  each  ductulus  alveolaris 
and  the  sacculi  alveolares  connected  with  each  atrium.  The  sacculi  alveolares 
of  each  lobule  are  differently  colored  so  that  they  may  be  readily  distinguished. 


42 


THE  LUNG 


branches  which  bore  a  greater  number  of  alveoli  than  the  one  from 
which  they  had  their  origin.  Only  one  of  these  latter  branches 
entered  into  the  reconstruction.  This  divided  into  three  branches, 
the  ductuli  alveolares;  each  ductulus  alveolaris  gave  origin  to  a 
series  of  atria  and  each  atrium  had  a  variable  number  of  sacculi 
alveolares  connected  with  it  (Fig.  28). 

The  reconstruction  demonstrated  two  orders  of  bronchioli  which 
bore  alveoli  before  giving  origin  to  the  ductuli  alveolares;  these 
were  designated  as  bronchiolus  respiratorius  a,  and  bronchiolus 
respiratorius  b.  Later  studies  of  the  human  lung  have  shown  that 
this  is  a  common  occurrence,  and  that,  in  a  few  instances,  there 
may  be  a  third  order  of  bronchioli  respiratorii  before  reaching  the 
ductuli  alveolares. 

These  subdivisions  of  the  bronchioli  respiratorii  have  been  noted 
by  other  investigators  of  the  finer  ramifications  of  the  bronchial 
tree.  D’Hardiviller  says  that  each  bronchiolus  respiratorius  divides 
into  two  or  more  canals  which  show,  on  their  part,  several  bifurca¬ 
tions. 

With  the  possible  exception  of  Flint,  none  of  the  investigators 
who  have  studied  the  smaller  bronchi  seem  to  have  found  anything 
but  dichotomous  branching.  It  is  certain,  however,  that  in  the 
portion  of  the  lung  of  the  cat  entering  into  the  reconstruction, 
dichotomy  does  not  uniformly  prevail.  From  the  bronchiolus  two 
branches  arise  and  each  of  these  divides  into  two ;  with  this  division 
dichotomy  ends.  From  this  last  division  three  ductuli  alveolares  of 
practically  the  same  size  and  length  arise.  Two  of  these  ductuli 
alveolares  have  each  three  atria  attached  to  them,  while  the  third 
has  four;  of  the  ten  atria,  four  have  two  sacculi  alveolares  arising 
from  each,  three  have  each  three  sacculi  alveolares  attached  to 
them,  two  have  four  sacculi  alveolares  each,  while  one  has  five 
sacculi  alveolares  arising  from  it. 

Surely  this  is  not  dichotomy;  neither  is  it  trichotomy,  although 
in  one  division  it  is  the  type,  and  partially  prevails  in  two  others. 
It  seems  to  me  that,  in  a  certain  degree,  it  conforms  to  the  state¬ 
ment  of  Flint  that  there  may  be  alternation  of  the  two  processes, 
dichotomy  and  monopody. 

Recurrent  sacculi  alveolares,  that  is,  sacculi  that  are  situated 
parallel,  or  nearly  parallel,  to  the  ductulus  alveolaris  from  which 
they  originated,  were  found  in  the  lung  of  the  dog  and  also  in  that 
of  the  cat. 

A  special  study  was  made  from  the  lung  of  the  forty-seven-year- 
old  man  to  demonstrate  an  atrium,  its  form  and  connections. 

In  Figure  29  a  bronchiolus  respiratorius  is  seen  dividing  into 
two  ductuli  alveolares.  The  one  at  the  right  is  carried  out,  but  the 
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Fig.  29. — Reconstruction  from  the  lung  of  a  man  forty-seven  years  old.  For 

description  see  text.  X250  and  reduced  to  100. 
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one  at  the  left  is  left  incomplete.  It  will  be  seen  that  the  bronchiolus 
at  the  right  has  at  its  distal  end  a  slight  dilatation.  In  my  original 
paper  published  in  the  Anatomischer  Anzeiger  in  1892,  this  dilata¬ 
tion  was  termed  a  vestibule.  By  some  authors,  notably  Ogawa, 
Wilson  and  others,  this  has  been  mistaken  for  an  atrium.  Wilson 
goes  so  far  as  to  say  that  the  dilated  end  of  Waters’  terminal 
bronchiole  is  identical  with  an  atrium.  This  is  far  from  the  truth; 
the  dilated  end  of  Waters’  terminal  bronchiole  is  identical  with  the 
dilated  end  of  the  ductulus  alveolaris.  The  reason  why  I  abandoned 
the  use  of  the  term  vesitbule  for  this  division  of  the  air  spaces  was 


Fig.  30. — Reconstruction  of  atrium  2.  in  Figure  29.  A.  negative  model; 
B.  positive,  from  which  A.  was  made,  showing  the  opening  of  a  sacculus  alveo 
laris  into  the  cavity  of  the  atrium.  The  top  section  of  A.,  which  belonged  to  the 
sacculus,  shows  how  this  opening  in  B.  was  hidden  from  view  in  A.  by  the  sac¬ 
culus.  X55. 

that  I  found  the  term  already  used  by  many  of  the  French  authors 
for  an  entirely  different  portion  of  the  air  tube,  and  its  continued 
use  would  be  confusing. 

Returning  to  the  model:  Leading  out  from  the  dilated  end  of 
the  ductulus  alveolaris  there  are  two  openings  which  lead  into  the 
atria  that  enter  into  the  reconstruction.  An  opening  is  seen  at  the 
bottom  of  the  ductulus  alveolaris;  this  leads  into  an  atrium  which 
is  situated  below  the  level  of  the  reconstruction.  Of  the  two  atria 
leading  out  from  the  distal  end  of  the  ductulus  alveolaris,  the  one 
at  the  left  is  carried  out  in  full  detail  and  is  described  in  the  follow¬ 
ing  section.  As  one  studies  this  one  sees  that  leading  out  from  the 
atrium  there  is  a  single  sacculus  alveolaris  which  has  been  recon¬ 
structed.  A  second  sacculus  which  is  situated  below  the  level  of  the 
model  is  not  seen;  a  small  portion  of  the  opening  leading  into  this 
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sacculus  is  noted  at  the  bottom  of  the  atrium.  Another  sacculus 
is  situated  above  the  level  of  the  reconstruction.  Now,  if  the  model 
be  considered  as  a  whole,  it  will  be  seen  that  there  is  a  direct  connec¬ 
tion  between  the  bronchiolus  respiratorius,  the  ductulus  alveolaris, 
the  atrium  and  the  sacculus  alveolaris;  and,  viewed  as  an  independ¬ 
ent  structure,  it  would  appear  as  though  this  were  one  continuous 
space.  But  when  the  upper  portion  of  the  model  is  placed  upon  it, 
the  openings  leading  from  the  atrium  into  the  ductulus  alveolaris 
and  into  the  sacculus  alveolaris  are  shown  to  be  circular,  or  nearly 


Fig.  31. — B.  in  Figure  30  cut  open  showing  the  internal  structure  of  the 
atrium.  1.  Opening  from  the  ductulus  alveolaris  into  the  atrium.  2.  Opening- 
leading  from  the  atrium  into  a  sacculus  other  than  the  one  indicated  in  Figure 
30.  The  opening  leading  into  the  sacculus  of  Figure  30  is  seen  at  the  bottom  of 
the  left  half  of  the  figure.  X55. 

circular,  in  outline;  by  means  of  them  the  atrium,  which  corre¬ 
sponds  to  atrium  2  in  Figure  29,  is  differentiated  on  the  one  hand 
from  the  sacculus  alveolaris  and  on  the  other  from  the  ductulus 
alveolaris.  The  atrium  leading  to  the  right  is  not  carried  out  in  a 
separate  reconstruction,  but  one  can  see  that  it  has  practically 
the  same  size  as  the  atrium  which  is  reconstructed  and  that  there 
are  two  sacculi  alveolares  leading  off  from  the  single  atrium.  Other 
sacculi  alveolares  are  situated  at  a  higher  level  in  that  part  of  the 
reconstruction  which  is  not  shown. 

An  independent  reconstruction  was  made  of  the  atrium  indicated 
in  Figure  29,  2  in  order  to  bring  out  more  clearly  its  form  and  rela¬ 
tionship.  Positive  and  negative  models  were  made  of  the  same 
atrium;  not  a  positive  from  one  lung  and  a  negative  from  another 
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lung,  and  of  different  amplifications,  as  was  done  by  Ogawa,  but 
the  same  sections  and  amplifications  were  used  for  each  model. 
A  negative  model  which  corresponds  to  a  corrosion  is  preferred  by 
many,  but  a  positive  model  gives  a  far  better  idea  of  lung  structure. 
The  two  should,  however,  be  studied  simultaneously.  If  one  desires 
to  know  how  the  rooms  of  a  house  are  arranged,  he  does  not  depend 
on  viewing  the  outside  of  the  house  or  studying  the  arrangement 


Figs.  32-35  inclusive. — Four  typical  sections  from  the  series  entering  into 
the  reconstruction  shown  in  Figure  29.  For  description  see  text.  X25. 


of  the  windows,  but  he  goes  in,  notes  the  arrangement  of  the  rooms, 
how  they  communicate  with  each  other,  and  such  other  details  as 
cannot  be  seen  from  the  outside.  It  is  for  this  reason  that  the  posi¬ 
tive  model  is  superior  to  the  negative  in  the  study  of  the  air  spaces, 
for  one  is  able  to  see  how  they  are  arranged  and  their  communica¬ 
tion. 

In  Figure  30,  the  negative  of  atrium  2,  Figure  29,  is  shown 
viewed  from  above.  It  shows  that  the  opening  leading  into  a  saccu- 
lus  alveolaris  is  hidden  by  the  portion  of  the  sacculus  which  forms 
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the  top  section  in  Figure  30,  a.  Figure  31  shows  the  positive  from 
which  Figure  30  was  made.  Now  if  this  were  a  portion  of  a  complete 
corrosion,  the  atrium  could  not  be  seen,  for  it  would  be  so  obscured 
by  the  sacculi  arising  from  it  that  it  would  be  impossible  to  recog¬ 
nize  it. 

In  Chapter  XI  it  will  be  shown  that  many  of  the  older,  and  some 
of  the  more  modern,  investigators  based  their  descriptions  of  the 
lung  on  sections  which  included  as  many  as  possible  of  the  air 


spaces  in  a  single  section.  For  this  reason  the  reconstruction  was 
dissected  in  such  a  manner  that  some  of  the  ultimate  air  spaces 
and  their  bronchial  connections  were  exposed  (Fig.  29). 

In  order  that  the  relation  of  the  various  air  spaces  shown  in  the 
reconstruction  may  be  better  understood  and  to  demonstrate  more 
clearly  the  relations  of  the  atria,  camera  lucida  tracings  were  made 
of  typical  sections. 

In  Figure  32,  a1,  an  opening  is  seen  marked  out  by  heavy  out¬ 
lines.  This  leads  into  an  atrium  that  is  situated  above  the  level  of 
the  section.  Following  the  air  spaces  toward  the  lower  right  corner 
of  the  section,  a  chain  of  small  air  spaces  (alveoli)  can  be  recog¬ 
nized.  These  are  sections  of  alveoli  which  open  into  the  underlying 
ductulus  alveolaris  and  bronchiolus  respiratorius.  The  heavy  out- 
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lines  on  the  right  side  of  the  section  mark  out  the  walls  of  a  bron- 
chiolus  respiratorius  that  belongs  to  another  system  of  air  spaces. 

Figure  33  is  an  outline  of  a  section  taken  200  micra  below  figure 
32,  and  shows  not  only  the  ductulus  with  which  atrium  a1  communi¬ 
cates,  but  also  a  portion  of  the  bronchiolus  respiratorius  from  which 
the  ductulus  arises.  Only  a  reconstruction  from  serial  sections  will 


bring  out  a  differentiation  of  this  nature.  Around  the  distal  end  of 
the  ductulus  four  air  spaces  (a2,  a2,  a3,  a3)  are  indicated.  These 
belong  to  two  atria,  with  corresponding  numbers,  which  are  con¬ 
nected  with  the  ductulus  at  a  lower  level. 

Figure  34  is  taken  200  micra  below  Figure  33,  and  shows  the  bron¬ 
chiolus  respiratorius  cut  lengthwise  and  the  two  ductuli  alveolares 
into  which  it  divides.  The  openings  by  which  atrium  a2  and  atrium 
a3  communicate  with  the  ductulus  appear  in  this  section.  Two  sac- 
culi  alveolares  open  out  of  atrium  a3,  but  none  of  the  sacculi  be¬ 
longing  to  atrium  a2  are  connected  with  it  in  this  section. 
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Figure  35  is  from  a  section  taken  200  micra  below  Figure  34. 
The  opening  by  which  atrium  a2  communicates  with  a  sacculus 
alveolaris  is  cut  through,  and  a  small  portion  of  the  opening  by 
which  the  atrium  communicates  with  its  ductulus  is  shown.  Three 
alveoli  (a3,  a3,  a3)  which  belong  to  the  atrium  bearing  the  same 
number  are  seen  just  at  the  right  of  atrium  a2.  Only  a  small  portion 


Fig.  35 


of  the  ductulus  alveolaris  which  we  have  been  considering  remains, 
while  the  ductulus  which  first  appears  in  Figure  34  is  shown  cut 
through  its  entire  length;  also  a  small  portion  of  an  atrium  and 
sacculus  alveolaris  which  are  directly  continuous  with  its  axis.  A 
very  interesting  series  of  air  spaces  is  seen  on  the  right  side  of  the 
section,  and  they  furnish  a  good  example  of  the  necessity  of  serial 
sections  in  studying  the  architecture  of  the  lung.  These  spaces 
belong  to  a  still  different  system  and  are  continuations  of  the 
bronchiolus  respiratorius  of  which  a  small  portion  appears  on  the 
extreme  right  of  the  section. 
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Fig.  36. — Reconstruction  from  the  lung  of  a  nine-week-old  child.  On 
the  left  side  of  the  model  a  recurrent  bronchiolus  respiratorius  with  its  sub¬ 
sequent  subdivisions  can  be  seen.  X80. 
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The  reconstruction  of  the  air  spaces  in  the  lung  of  the  nine- 
week-old  child  shows  the  same  arrangement  as  the  lung  of  the 
adult  man;  and  in  addition  it  demonstrates  that  there  may  be  not 
only  recurrent  atria  and  sacculi  alveolares,  as  in  the  reconstructions 


Fig.  37. — Outline  of  a  section  above  the  level  of  the  bronchiolus 
respiratorius  shown  in  Figure  36.  The  heavy  outlines  indicate  the 
position  of  smooth  muscle.  The  pulmonary  artery  and  its  branches 
are  in  solid  black.  Branches  of  the  pulmonary  vein  are  indicated  by 
cross-hatched  areas;  lymphatics,  by  stippled  areas.  X80. 

from  the  lung  of  the  dog  and  cat,  but  there  may  also  be  recurrent 
bronchioli  respiratorii,  with  their  ductuli  alveolares  and  the  atria 
and  sacculi  belonging  to  them  (Fig.  36). 
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Figure  38  shows  the  arrangement  of 
the  elastic  fibers  and  the  smooth  muscle 
bands  at  the  place  where  a  branch  is 
given  off  from  a  main-stem  bronchus. 
Note  that  the  elastic  fibers  in  general 
have  a  longitudinal  course,  but  at  the 
point  where  the  branch  leaves  the  main- 
stem  bronchus  they  swing  over  to  the  op¬ 
posite  side  of  the  bronchus  and  in  that 
way  they  encircle  the  branch  as  it  leaves 
the  main-stem  bronchus.  On  the  other 
hand,  the  smooth  muscle  bands  also  have 
a  triangular  arrangement  about  the  place 
where  the  branch  leaves  the  main-stem 
bronchus.  By  this  arrangement  the  tri¬ 
angle  which  is  formed  by  the  interlacing 
of  the  smooth  muscle  bands  is  filled  in  by 
elastic  fibers,  and  at  the  same  time  the 
triangular  area  left  by  the  crossing  of  the 
elastic  fibers  is  filled  in  by  the  interlacing 
of  the  smooth  muscle  bands.  Note  the 
way  in  which  the  elastic  fibers  leave  the 
main-stem  bronchus  and  are  arranged  on 
the  branch. 


The  model  of  the  nine- 
week-old  child  is  a  negative 
model.  I  have  used  it  to 
demonstrate  that  corrosions 
(for  it  corresponds  to  a  cor¬ 
rosion),  when  studied  alone, 
fail  to  give  a  true  picture  of 
lung  structure.  In  order  to 
bring  out  the  atria  and  their 
sacculi  alveolares,  it  was 
necessary  to  study  the  posi¬ 
tive  model  and  make  the 
necessary  dissections  of  the 
negative  to  show  to  the  best 
advantage  the  relation  of  the 
air  spaces  to  each  other. 

Figure  37  is  an  outline  of 
one  of  the  sections  above  the 
level  of  the  bronchiolus  respi- 
ratorius.  Taken  by  itself  it 
would  be  difficult  to  interpret 
it  correctly,  but  studied  in 
connection  with  the  model  it 
presents  no  difficulty. 

In  the  bronchi,  the  bron- 
chioli,  and  the  ductuli  alve¬ 
olares,  the  elastic  fibers  run 
parallel  to  their  long  axis 
(Fig.  38).  Branches  are  given 
off  which  pass  to  the  bands  of 
smooth  muscle  in  their  walls, 
surround  them  with  a  net¬ 
work  of  fibers,  and  then  take 
part  in  the  formation  of  the 
outer  fibrous  tunic.  In  the 
atria,  the  sacculi  alveolares, 
and  the  alveoli,  the  elastic 
fibers  form  an  intricate  net¬ 
work.  About  the  openings 
leading  from  the  ductuli 
alveolares  into  the  atria,  from 
the  atria  into  the  sacculi 
alveolares  (Fig.  39),  and  from 
the  sacculi  alveolares  into  the 
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Fig.  40. — Network  of  elastic  fibers'  sur¬ 
rounding  and  enclosing  an  alveolus.  Red: 
elastic  fibers.  Blue:  capillaries.  Semi-dia¬ 
grammatic. 


Fig.  39. — A  sacculus  alveolaris  cut  off  from  its  atrium  showing 
the  arrangement  of  the  elastic  fibers.  Note  the  encircling  band  of 
elastic  fibers  at  its  junction  with  the  atrium,  and  the  network  of 
fibers  which  enclose  the  sacculus.  Semi-diagrammatic. 
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alveoli  (Fig.  40),  the  elastic  fibers  are  arranged  in  an  encircling 
band  of  interlacing  fibers.  From  these  bands  individual  fibers  are 
given  off  which  branch  and  anastomose  to  form  a  network  of  fibers 
which  are  derived,  in  the  case  of  the  atria,  from  the  fibers  in  the 
ductuli  alveolares;  in  the  case  of  the  sacculi  alveolares,  from  the 
fibers  in  the  atria;  and  in  the  case  of  the  alveoli,  from  the  sacculi 
alveolares. 

If  the  atria,  the  sacculi  alveolares,  and  the  alveoli  are  considered 
as  distensible  bladders  enclosed  by  an  elastic  network,  it  will  appear 
that,  as  they  are  distended  with  air,  the  elastic  fibers  in  the  bron- 

chioli  and  ductuli  alve¬ 
olares  are  put  on  the 
stretch  in  a  longitudinal 
direction,  while  the  net¬ 
work  in  the  walls  of  the 
atria,  the  sacculi  alveo¬ 
lares,  and  the  alveoli  is 
also  put  on  the  stretch. 
From  the  nature  of  the 
network  they  are  cap¬ 
able  of  distention  in  all 
diameters,  but  their  rela¬ 
tive  shape  is  preserved 
by  the  encircling  net¬ 
work  of  fibers.  In  the 
case  of  the  bronchioli 
respiratorii  and  ductuli 
alveolares  the  bands  of  smooth  muscle  prevent  any  over-distention 
(Figs.  18,  19). 

The  walls  of  the  sacculi  alveolares  are  composed  of  blood  capil¬ 
laries  (which  will  be  described  in  the  section  on  the  blood  vessels), 
elastic  fibers,  reticulum,  a  few  strands  of  collagenous  fibers,  and 
epithelium. 

The  elastic  fibers  form  a  network  which  occupies  a  central  posi¬ 
tion  in  the  wall  of  a  sacculus  alveolaris.  In  the  angle  formed  by 
the  union  of  two  or  more  sacculi  alveolares,  the  elastic  fibers  have 
a  complicated  arrangement  by  means  of  which  the  sacculi  are 
strongly  united. 

The  reticulum  is  situated  external  to  the  elastic  fibers  and  forms 
the  basement  membrane  on  which  the  epithelium  rests;  it  is  closely 
associated  with  the  capillaries  about  which  it  sometimes  forms  a 
network.  When  seen  on  the  flat  surface  of  the  wall  of  a  sacculus 
it  has  the  form  of  a  loosely  woven  network  (Fig.  41). 

Collagenous  fibers  are  best  seen  where  pre-capillary  blood  ves- 


Fig.  41. — Reticulum  in  a  fragment  of  the 
wall  of  an  alveolus  which  accidentally  broke 
loose  from  the  remainder  of  the  section.  X500. 
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sels  are  cut  transversely  in  the  angle  formed  by  the  union  of  two 
or  more  sacculi. 

It  is  questionable  whether  nerve  fibers  are  present  in  the  walls 
of  a  sacculus.  Since  occasional  smooth  muscle  cells  have  been  de¬ 
scribed  in  the  walls  of  the  capillaries,  it  is  not  unreasonable  to 
assume  that  nerves  may  also  be  present ;  but  they  have  not,  as  yet, 
been  demonstrated  in  a  satisfactory  manner. 

An  interesting  study  is  that  of  the  dimensions  of  the  various  air 
spaces  within  the  lung.  I  have  not  been  able  to  complete  a  series 


Fig.  42. — Variations  in  the  size  of  the  sacculi  alveolares,  due  to  the  age  and 
amount  of  distention.  These  outline  drawings  illustrate  the  change  in  size  of 
the  sacculi  arising  from  the  growth  and  increased  activity  of  the  lung.  A.  from 
a  child  nine  weeks  old.  B.  from  a  youth  fourteen  years  old.  C.  from  an  adult 
thirty-eight  years  old.  All  drawn  under  the  same  amplification.  X50. 


of  measurements  begun  some  time  since.  In  order  to  arrive  at 
anything  like  a  correct  statement  many  hundreds  of  measurements 
should  be  made  of  lungs  of  different  degrees  of  distention  and  from 
individuals  of  different  ages.  The  points  between  which  measure¬ 
ments  should  be  taken  should  be  determined,  for  a  distinction 
must  be  made  between  sacculi  alveolares  and  alveoli  pulmonum. 

Figure  42  illustrates  some  of  the  difficulties  of  the  problem.  The 
sections  are  taken  transverse  to  the  sacculi;  the  spaces  included 
within  the  dotted  lines  are  to  be  considered  as  belonging  to  the 
sacculi,  while  the  irregular  spaces  lying  outside  of  the  dotted  areas 
are  alveoli. 

The  best  table  of  measurements  with  which  I  am  acquainted  is 
that  of  Rossignol;  but  it  seems  to  me  that  further  study  along  the 
lines  indicated  above  will  give  different  results.  It  is  a  long  tedious 
problem. 
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Alveolar  Epithelium.  The  presence  or  absence  of  an  epithelium 
lining  the  walls  of  the  pulmonary  alveoli  has  been  a  much  discussed 
subject.  While  at  first  the  presence  of  an  epithelium  was  strenu¬ 
ously  denied,  later  investigations,  although  they  did  not  agree  as 
to  the  character  of  the  epithelium,  did  agree  that  an  epithelium 
was  present.  The  subject  has  recently  been  re-opened  by  the  denial 
of  any  epithelial  lining  of  the  alveolar  walls  other  than  the  non- 
nucleated  plates  of  Kolliker. 

It  is  now  over  eighty  years  since  the  subject  was  brought  to  the 
attention  of  both  normal  and  pathological  histologists  by  the 
papers  of  Thomas  Addison.  I  do  not  find  any  direct  statement  in 
regard  to  alveolar  epithelium  in  his  first  paper  (1837),  but  in  a 
later  publication  (1843)  he  disagrees  with  Reisseisen  and  others 
who  say  “that  the  air  cells  are  merely  the  blind  extremities  of  as 
many  bronchial  tubes,  and  that,  like  the  latter,  they  are  lined  by 
an  ordinary  mucous  membrane/7  thus  implying  the  absence  of  any 
epithelium. 

In  his  study  of  the  membranous  walls  of  the  air  cells,  William 
Addison  (often  confused  with  Thomas  Addison)  found  that  “they 
possess  an  epithelium  in  the  form  of  large,  round,  nucleated  scales, 
and  from  one  to  fifteen  or  more  nuclei  may  be  counted  in  a  single 
scale.  ...  I  have  never  satisfied  myself  that  they  possess  the  cili¬ 
ated  cylinder  epithelium  so  abundant  in  the  trachea  and  the 
bronchi.77 

Williams  confirmed  the  observation  of  William  Addison,  but 
Rainey  denied  the  presence  of  any  epithelial  lining  to  the  alveolar 
walls;  and  the  long  contest  regarding  the  presence  or  absence,  and, 
eventually,  the  kind  of  epithelium  present,  was  under  way.  Oppel 
gives  a  long  but  not  always  accurate  analysis  of  the  various  opin¬ 
ions. 

Eventually  the  contest  narrowed  down  to  the  question  of  a  con¬ 
tinuous  layer  of  squamous  epithelium,  or  one  made  up  of  large 
non-nucleated  plates  interspersed  with  islands  of  small  nucleated 
cells.  Chrzonszczewsky  supported  the  former;  Kolliker,  in  his  1881 
paper,  the  latter  arrangement.  Of  the  two  opinions,  that  of  Kol¬ 
liker  has,  up  to  the  present  time,  received  the  support  of  the  major¬ 
ity  of  investigators. 

It  will  be  necessary  to  review  briefly  the  investigations  of  Eberth, 
Chrzonszczewsky,  and  Elenz  on  the  alveolar  epithelium  of  the 
higher  vertebrates,  and  of  Colberg  on  the  human  fetal  lung,  before 
considering  the  work  of  Kolliker,  for  their  results  paved  the  way 
for  Kolliker. 

Eberth  described  islands  of  epithelium  that  occupied  the  mesh 
of  the  capillary  network  but  did  not  extend  over  the  capillaries, 
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these  being  covered  by  a  structureless  membrane.  His  studies 
formed  the  groundwork  for  the  continuance  of  his  investigations 
by  Elenz,  one  of  his  students. 

Chrzonszczewsky,  criticizing  the  technique  of  those  investiga¬ 
tors  who  denied  the  presence  of  an  epithelium  lining  the  alveoli, 
says:  “In  all  these  instances  the  fault  evidently  lies,  not  in  the 
lung,  but  in  the  method  ” 

As  the  result  of  his  studies  Chrzonszczewsky  found,  not  only  in 
sections  taken  just  beneath  the  pleura,  but  also  in  sections  taken 
from  the  deeper  portions  of  the  lung,  that  the  alveoli  were  lined 
with  a  complete,  uninterrupted  layer  of  delicate  cells  which  had 
a  polygonal  outline.  Oppel  says  that  in  Chrzonszczewsky’s  il¬ 
lustration  the  cells  are  too  uniform  in  size  and  that  the  nuclei  are 
always  in  the  center  of  the  cell;  a  criticism  that  seems  trivial,  since 
the  drawing  is  apparently  an  attempt  to  represent  diagrammati- 
cally  what  he  saw,  and  he  saw  correctly. 

Elenz  went  a  step  further  than  Eberth,  and,  after  describing  the 
same  islands  of  epithelium  in  the  capillary  network  as  Eberth, 
found  that  the  structureless  membrane  described  by  Eberth  as 
extending  over  the  capillaries  was  made  up  of  large,  irregular, 
membranous,  non-nucleated  plates.  By  this  statement  Elenz  be¬ 
came  the  predecessor  of  Kolliker  in  ascribing  to  the  alveolar  walls 
two  types  of  cells:  groups  of  small  nucleated  cells,  and  large  non- 
nucleated  plates. 

Elenz,  criticizing  the  work  of  Chrzonszczewsky,  said  that  his 
illustration  demonstrated  that  it  was  the  pleural  mesothelium,  and 
not  alveolar  epithelium,  that  he  had  stained.  In  reply  Chrzonsz¬ 
czewsky  said,  and  correctly,  that  the  two  in  no  way  resembled 
each  other,  and  pointed  out  that  Elenz  had  correctly  described  and 
illustrated  the  distinction  between  the  two  types  of  cells. 

Colberg  studied  the  alveolar  epithelium  in  human  fetal  lungs 
and  found  that,  with  the  growth  of  the  fetus,  the  epithelium  in¬ 
creased  only  in  width,  and  that  the  cells  eventually  fused  to  form 
an  uninterrupted,  complete  “membrana  epithelica,”  in  which  only 
the  nuclei  of  the  previously  existing  cells  could  be  recognized. 
That  Colberg  failed  to  demonstrate  the  cell  boundaries  is  not  sur¬ 
prising,  for  it  is  a  difficult  problem  even  with  modern  technique. 

In  his  paper  published  in  1866,  he  sums  up  his  studies  as  follows: 
“Pathological  and  comparative  anatomical  facts  show  that,  in 
spite  of  nearly  constant  negative  results,  a  complete  epithelium 
must  also  exist  in  the  adult  human  lung.” 

Kolliker,  like  Elenz,  describes  the  alveolar  epithelium  as  con¬ 
sisting  of  two  distinct  types  of  cells:  small,  nucleated,  flat,  rounded 
polygonal  cells  which  occupy  the  mesh  of  the  capillary  network; 
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and  large,  variously  formed,  apparently  non-nucleated,  very  thin 
plates  which  rest  upon  the  capillaries  but  can  also  extend  over 
their  mesh. 


Fig.  43. — An  alveolus  with  respiratory  epithelium,  a. a.,  lines  which 
extend  from  small  pavement  cells  into  large  plates  and  indicate  their 
divisions,  b.b.,  a  second  form  of  such  dividing  lines,  c.c.,  small  non- 
nucleated  plates,  d.d.,  same  type  of  plates  not  completely  surrounded 
by  dividing  lines.  (Kolliker’s  Fig.  10.)  X352. 

His  study  was  made  on  a  lung  which  was  removed  from  a  crimi¬ 
nal  half  an  hour  after  his  execution.  The  lung  was  injected,  through 
the  bronchi,  with  a  weak  solution  of  silver  nitrate,  and  then  placed 
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in  a  0.5  per  cent  solution  of  the  same  salt.  This  stained  only  the 
pleural  mesothelium  and  some  of  the  superficial  alveoli.  The  lung 
was  next  placed  in  alcohol,  and  some  months  (sic)  later  sections 
were  cut  and  exposed  to  the  light. 

Any  one  who  has  had  much  experience  trying  to  obtain  satis¬ 
factory  stains  of  the  alveolar  epithelium  with  nitrate  of  silver  can 
readily  understand  how  uncertain  its  action  can  be,  and  Kolliker’s 
illustrations  are  good  examples  of  its 
irregular  action  (Fig.  43).  •  *  ^ 

With  the  general  acceptance  of  Kol- 
liker’s  description  of  the  alveolar  epi¬ 
thelium,  all  investigation  of  the  alveolar 
epithelium  practically  ended,  and  his 
illustrations  are  frequently  reproduced. 

In  a  recent  publication  Lang  goes  a 
step  beyond  Kolliker  and  denies  the 
presence  of  any  epithelium  except  the 
non-nucleated  plates  on  the  alveolar 
walls.  He  describes  a  special  cell  which 
he  calls  a  “septum  cell.”  I  am  yet  to  be 
convinced  that  this  is  anything  but  an 
alveolar  epithelial  cell  which  has  changed 
its  form  through  imbibition  of  fluid,  or, 
possibly,  it  may  be  a  mononuclear  leuco¬ 
cyte  which  has  undergone  the  same 
process. 

The  great  obstacle  to  a  correct  under¬ 
standing  of  the  alveolar  epithelium  is 
the  inability  to  dissect  off  the  epithelial 
layer,  or  to  remove  it  by  any  artificial 

means.  Colberg  tried  in  vain  to  isolate  r  ,,  ^  n 

i  .  / /  ,  °  . . i  , .  ,,  i.i  Fig.  44 — The  swollen  epi- 

his  membrana  epithelica,  and  other  thelium  along  an  alveolar  wall 
investigators  have  had  the  same  ex-  (seetext)  x500. 
perience. 

As  the  pathological  histologist  is  obliged  at  times  to  turn  to 
normal  tissues,  so  the  normal  histologist  is  obliged  to  turn  to 
pathological  tissues  to  obtain  a  better  insight  into  the  material 
under  observation.  What  Colberg  and  other  workers  could  not 
accomplish  is  often  accomplished  by  pathological  processes. 
Through  the  pouring  out  of  a  serous  exudate  behind  the  alveolar 
epithelium  in  a  pneumonia,  or  in  the  mechanical  edema  of  mitral 
stenosis  with  insufficiency  of  the  valves,  the  vis  a  tergo  pushes  off 
the  epithelium. 

In  a  section  through  an  alveolar  wall  in  which  a  small  amount  of 
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Fig.  45.— Three  sections  from  a  series  which  show,  on  their 
upper  side,  the  epithelium  slightly  raised  from  the  surface  of  the 
alveolar  wall  by  the  exudate  behind  it.  These  sections  are  de¬ 
scribed  in  detail  in  the  text.  X500. 
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edema  is  present  (Fig.  44),  the  epithelium  lining  its  walls  is  but 
slightly  raised  from  its  surface;  the  individual  cells  are  swollen, 
due  to  the  imbibition  of  the  serous  exudate.  In  various  places,  on 
each  side  of  the  alveolar  wall,  epithelial  cells  are  overlaid  by  other 
epithelial  cells;  this  gives  them  the  appearance  of  having  two 
nuclei.  The  sections  of  the  capillaries  and  their  relation  to  the 
epithelium  are  interesting.  The  capillary  near  the  center  of  the  sec¬ 
tion  has,  on  its  right,  the  nucleus  of  an  epithelial  cell,  while  on  its 
left  there  is  the  thin,  expanded  part  of  an  epithelial  cell. 


Fig.  46. — The  wall  of  an  alveolus  from  which  the  epithelium  has  been  pushed 
off  along  its  upper  side  by  the  accumulation  of  serum  behind  it,  while  along 
the  lower  side  it  is  still,  although  somewhat  swollen,  attached  to  the  alveolar 
wall.  X500. 


Eberth,  Elenz,  Schulze,  and  Kolliker  state  that  only  the  non- 
nucleated  plates  cover  the  capillaries,  a  statement  which  this  and 
numerous  other  sections  show  to  be  incorrect.  In  the  upper  portion 
of  the  section  two  other  capillaries  appear;  the  lower  of  the  two 
contains  a  mononuclear  leucocyte  turned  up  edgewise,  while  the 
upper  one  shows  an  endothelial  nucleus  cut  transversely. 

In  order  to  show  the  relation  of  the  nucleus  to  the  thin,  expanded 
portion  of  the  cell,  and  the  changes  in  the  appearance  of  the  same 
epithelial  cell  at  different  levels,  three  sections  from  a  series  are 
shown  in  Figure  45.  The  sections  are  7g  in  thickness,  and  between 
“a”  and  ab”  and  between  “b”  and  “c,”  a  section  has  been  omitted 
on  account  of  its  being  stained  for  the  reticulum.  These  three  sec¬ 
tions  represent,  therefore,  3 5/x  of  the  alveolar  wall.  More  sections 
could  have  been  used,  but  they  would  only  have  repeated  what  is 
shown  in  these  three. 
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The  amount  of  the  serous  exudate  is  greater  in  Figure  45  than 
in  Figure  44,  and,  as  a  consequence,  the  cells  are  pushed  further 
away  from  the  alveolar  wall.  Some  of  the  cells,  especially  on  the 
left  of  Figure  45,  a,  have  absorbed  a  considerable  quantity  of  fluid 
and  are  assuming  a  spherical  form.  As  soon  as  a  chain  of  these 
cells  breaks  apart,  the  individual  cells  float  into  the  lumen  of  the 
alveolus  and  become  the  large  round  cells  so  frequently  seen. 

In  Figure  45,  b,  some  of  the  cells  show  either  the  lower  or  the 
upper  edge  of  nuclei  which  are  cut  nearer  the  center  in  aa”  or  in 
“c.”  In  Figure  45, c,  in  which  individual  cells  are  well  shown,  the 
spindle  shape  of  the  cells  before  any  considerable  amount  of  fluid 
is  absorbed  is  clearly  shown. 

When  these  three  sections  are  considered  as  a  whole,  they  point 
to  the  fact  that,  in  the  normal  lung,  the  epithelium  lining  the  alveo¬ 
lar  walls  is  made  up  of  thin,  flattened,  nucleated  squames,  which 
are  closely  applied  to  the  alveolar  wall,  and  that  it  is  a  continuous 
epithelium. 

Figure  46  is  from  the  same  series  as  Figure  45  but  is  from  an 
alveolus  some  distance  from  the  one  shown  in  Figure  45.  Along  the 
upper  border  of  the  section  the  cells  have  been  pushed  off  some  dis¬ 
tance  from  the  alveolar  wall,  while  on  the  under  side  most  of  the 
cells  are  still  in  situ ,  though  somewhat  swollen.  Here  again  evidence 
is  shown  that  it  is  a  continuous,  nucleated  epithelium  that  lines 
the  alveolar  walls. 

One  of  the  most  interesting  examples  I  have  found,  illustrating 
this  pushing  off  of  the  epithelium  from  the  alveolar  walls  by  the 
accumulation  of  an  exudate  behind  it,  is  from  a  case  of  pneumonia 
(Fig.  47).  The  epithelium  lining  the  alveolus  in  the  center  of  the 
figure  has  been  pushed  off  as  a  complete  and  continuous  sheet. 
Certain  of  the  cells  have  absorbed  a  larger  quantity  of  fluid  than 
others;  consequently  they  have  assumed  a  more  spherical  outline. 

The  alveolus  in  the  upper  right  quadrant  of  Figure  47  is  of  even 
more  interest.  Along  the  lower  border  of  the  alveolus  the  ep¬ 
ithelium  has  been  pushed  off  from  the  alveolar  wall,  and  the 
cells  show  a  moderate  degree  of  swelling.  As  these  cells  are  followed 
around  the  left  side  of  the  alveolus,  it  can  be  seen  that  the  epithe¬ 
lium  is  closely  applied  to  the  alveolar  wall  and  that  the  nuclei  show 
but  faintly.  In  other  words,  on  the  left  side  of  the  alveolus  the  epi¬ 
thelium  is  in  its  normal  position,  a  thin,  continuous  sheet  with  its 
nuclei,  like  the  cells  themselves,  stretched  out  and  staining  faintly, 
while  along  the  lower  border  the  epithelium  has  been  pushed  off 
the  alveolar  wall  by  the  exudate.  The  epithelium  in  the  other 
alveoli  also  shows  interesting  stages  in  the  position  and  form  of  the 
cells. 
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In  Colberg’s  1866  paper  there  is  an  illustration  similar  to  Figure 
47.  I  had  not  seen  this  at  the  time  I  published  my  paper  in  The 
Journal  of  Experimental  Medicine  (1925),  and  I  take  this  oppor¬ 
tunity  of  calling  attention  to  it.  His  conclusion  that  “pathological 
and  comparative  anatomy  facts  demonstrate  that,  in  spite  of  con¬ 
stant  negative  statements,  a  continuous  epithelium  must  exist  in 
the  alveoli  of  adult  human  lungs/’  is  as  true  today  as  at  the  time 
he  wrote. 


Fig.  47. — The  epithelium  lining  the  alveolus  in  the  center  of  the  figure  has 
been  pushed  off  as  a  continuous  sheet.  Certain  of  the  cells  are  more  swollen 
than  others.  The  alveolus  in  the  upper  right  of  the  figure  shows  clearly  the 
epithelium  before  and  after  an  exudate  has  raised  it  from  the  surface  of  the 
alveolar  wall.  For  a  further  description  of  the  figure  see  the  text.  X345. 

Not  infrequently,  imperfect  sections  show  a  given  point  to  better 
advantage  than  perfect  sections.  In  a  section  through  a  bronchio- 
lus  of  an  imperfectly  distended  lung,  the  somewhat  “demoralized” 
section  (Fig.  48)  shows  the  epithelium  torn  off  as  a  continuous 
sheet  along  the  upper  wall  of  the  larger  alveolus,  while  the  few 
cells  in  the  alveolus  at  its  right  show,  by  their  cuboidal  shape 
that  the  lung  is  partly  collapsed;  for  in  sections  taken  through  an 
atelectatic  area  of  a  lung,  the  alveoli  are  found  to  be  lined  with  a 
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continuous  cuboidal  epithelium  and  only  the  absence  of  smooth 
muscle  prevents  their  being  mistaken,  in  many  instances,  for  sec¬ 
tions  of  bronchioli.  Here  again,  the  evidence  points  to  a  continuous 
epithelium  lining  the  pulmonary  alveoli. 

Alveolar  Reticulum.  The  epithelium  of  the  alveoli,  like  that  of 


Fig.  48. — From  a  torn  section  of  a  normal,  partly  collapsed  lung. 
The  alveolar  epithelium  has  been  pulled  off  as  a  continuous  sheet. 
X500. 


the  bronchi  and  bronchioli,  rests  upon  a  network  of  reticulum 
(Fig.  49).  The  alveolar  epithelium  stains  more  faintly  with  Biel- 
schowsky’s  stain  than  the  epithelium  of  the  bronchioli;  but  here 
and  there  along  the  alveolar  walls,  as  marked  out  by  the  reticulum, 
an  epithelial  cell  with  its  nucleus  can  be  seen.  In  other  places  the 
faint  outlines  of  epithelial  cells  appear.  The  upper  wall  of  the  small¬ 
er  of  the  alveoli  has  been  cut  obliquely,  and  the  network  of  reticu¬ 
lum  in  its  wall  is  indistinctly  shown.  In  the  lower  wall  of  the  same 
alveolus  a  transverse  section  of  a  capillary,  with  an  epithelial  cell 
just  outside  its  wall,  can  be  seen. 

Alveolar  Pores.  Alveolar  pores  must  not  be  confused  with  the 
wide-open  communication  described  by  the  early  writers  on  pul¬ 
monary  structure.  Alveolar  pores  can  be  defined  as  minute  open¬ 
ings  in  the  walls  of  the  alveoli  of  the  normal  lung. 

Adriani,  in  1847,  was  the  first  to  describe,  as  normal  structures, 
these  openings  by  which  an  alveolus  communicated  with  an  adjoin¬ 
ing  alveolus.  In  1850  Schultz,  followed  in  1852  by  Kolliker,  denied 
that  they  were  present  in  the  normal  lung.  Later  investigators  can 
be  divided  into  three  groups: 

(1)  Those  who  deny  their  presence  in  the  normal  lung; 
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(2)  Those  who  insist  that  they  are  normal  structures; 

(3)  Those  who  say  that  they  exist,  but  that  they  are  the  result 
of  pathological  processes. 

The  first  group  includes  Waters,  Turner,  Aigner,  Miller,  v. 
Ebner,  Merkel  and  Oppel.  F.  E.  Schulze  can  also  be  included  in 
this  group,  since  he  main¬ 
tains  the  independence  of 
the  alveoli  and  alveolen- 
gange. 

The  second  group  com¬ 
prises  Hansemann,  Hauser, 

Nicolas,  Braus,  and  Zim- 
mermann.  Of  these  Hanse¬ 
mann  is  the  most  strenu¬ 
ous  in  the  defense  of  his 
position,  basing  his  state¬ 
ments  on  the  fact  that  after 
injecting  a  blue  gelatin 
solution  containing  a  large 
volume  of  water,  and  plac¬ 
ing  the  lung  immediately  in 
alcohol,  minute  threads  of 
gelatin  could  be  seen,  due 
to  the  shrinking  of  the  gela¬ 
tin,  passing  through  the 
alveolar  walls  and  connecting  the  gelatin  in  one  alveolus  with  that 
in  adjoining  alveoli. 

By  using  a  gelatin  containing  a  minimal  amount  of  water,  Aigner 
found,  after  fixing  the  lung  in  various  fluids,  a  complete  absence  of 
the  threads  described  by  Hansemann  as  passing  through  the  alveo¬ 
lar  walls,  the  alveoli  being  uniformly  filled  with  the  gelatin  with 
no  irregularities  in  the  contour  of  the  gelatin. 

The  third  group  consists  of  Henle,  Toldt,  Kohn,  Ribbert,  Her- 
big,  Bezzola,  and  Miller.  Henle  described  circular,  sharp-bordered 
openings  in  the  walls  of  adjoining  alveoli,  but  attributed  them  to 
the  atrophy  and  resorption  of  the  lung  substance  in  mature  indi¬ 
viduals.  In  other  words,  he  considered  them  the  result  of  a  patho¬ 
logical  process.  Although  Ribbert  did  not  have  a  correct  idea  of  the 
form  and  arrangement  of  the  epithelium  lining  the  alveolar  walls, 
he  did  correctly  ascribe  the  formation  of  pores  to  the  shedding  of 
the  epithelium;  in  this  he  was  supported  by  the  investigations  of 
Herbig  and  Bezzola. 

Kohn  found  in  cases  of  pneumonia  that  fibrin  threads  could  be 
traced  through  minute  openings  in  the  alveolar  wall  from  an  alveo- 


Fig.  49. — Reticulum  in  the  walls  of  an 
alveolus.  A  few  epithelial  cells  can  be  seen 
in  situ.  X500. 
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lus  into  the  adjoining  alveolus.  He  did  not  consider  these  openings 
normal  structures,  but  the  result  of  the  pathological  process. 

For  the  study  of  alveolar  pores  silver  stains  have  been  quite 
generally  used.  Any  one  who  has  used  silver  solutions  to  demon¬ 
strate  epithelial  boundaries  realizes  the  uncertainty  of  their  action. 

A  notable  example  of  this  has  been 
discussed  in  connection  with  Kol- 
liker’s  study  of  the  alveolar  epi¬ 
thelium. 

Figure  50,  which  is  reproduced 
from  Merkel,  shows  two  so-called 
“Lockern”  from  the  lung  of  the 
cat,  stained  with  silver.  The  large 
clear  space  is  undoubtedly  due  to 
a  shed  epithelial  cell,  while  the 
smaller  one  has  been  caused  by 
the  slight  shrinking  of  an  epithelial 
cell.  The  incomplete  action  of  the 
silver  is  shown  by  the  broken  lines 
which  probably  formed  part  of  the 
boundary  lines  of  other  cells. 

Pathologically,  the  question 
whether  pores  are  present  in  the 
normal  lung  is  of  much  interest.  In  the  section  dealing  with  the  epi¬ 
thelium  of  the  alveoli,  it  was  pointed  out  that  much  in  regard  to 
the  normal  structure  of  the  lung  can  be  gained  from  a  study  of 
pathological  material.  So,  for  the  study  of  alveolar  pores,  patholog¬ 
ical  material  is  best  used.  For  this  purpose  sections  from  cases 
of  lobar  pneumonia  and  mitral  stenosis  with  insufficiency  of  the 
mitral  valves  give  interesting  results;  in  the  first  case  we  are  dealing 
with  an  inflammatory,  in  the  second  a  mechanical,  process.  In 
each  instance  shedding  of  the  epithelium  is  the  important  factor 
and  it  is  occasioned  by  the  accumulation  of  serum  behind  the  epi¬ 
thelium  which  is  pushed  off  from  the  alveolar  walls  by  the  vis  a 
tergo. 

Shedding  of  the  epithelium  constitutes  but  one  step  in  the  for¬ 
mation  of  a  pore.  If  the  epithelium  on  the  opposite  side  of  the 
alveolar  wall  remains  intact,  then  no  pore  can  result  from  the  shed¬ 
ding  of  the  epithelium  on  one  side  of  an  alveolar  wall.  The  epithe¬ 
lium  on  diametrically  opposite  sides  of  an  alveolus  must  be  shed 
in  order  that  a  pore  may  be  formed.  The  epithelium  being  pushed 
off  from  diametrically  opposite  sides  of  an  alveolar  wall,  the  serum 
poured  out  from  the  capillaries  now  finds  an  exit  into  adjoining 
alveoli,  and  with  the  conversion  of  the  fibrinogen  into  fibrin  the 


Fig.  50.  Alveolar  wall  from  the 
lung  of  a  cat  which  had  been  in¬ 
jected  with  a  solution  of  silver.  See 
text.  (After  Merkel.) 
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Fig.  51. — From  a  case  of  lobar  pneumonia.  The  exudate  has  found 
its  exit  from  a  very  definite  point  and  has  been  converted  into  fibrin 
which  radiates  into  the  alveolus.  No  pore  has  resulted  because  the 
epithelium  on  the  opposite  side  of  the  alveolus  is  still  intact.  X800. 


Fig.  52. — From  the  same  series  as  51.  The  epithelium 
has  been  pushed  off  from  diametrically  opposite  sides 
of  the  alveolar  wall  and  a  pore  has  been  formed  with  a 
thread  of  fibrin  passing  from  one  alveolus  to  an  adjoin¬ 
ing  alveolus.  X400. 


68 


THE  LUNG 


characteristic  strands  of  fibrin  passing  through  the  alveolar  walls 
are  produced. 

In  Figure  51,  taken  from  a  case  of  lobar  pneumonia,  the  exudate 
has  escaped  from  a  definite  point  and  the  epithelial  cells  can  be 
seen  attached  to  the  strands  of  fibrin  as  they  leave  the  alveolar 
wall.  Although  the  epithelial  cells  on  the  opposite  side  of  the  alveo¬ 
lar  walls  from  which  the  exudate  has  escaped  are  somewhat  swol¬ 
len,  they  are  still  intact.  The  amount  of  exudate  is  large,  but  the 
injury  to  the  alveolar  wall  is  of  such  a  nature  that  no  pore  has  been 
formed. 

In  Figure  52  the  epithelium  has  been  shed  from  diametrically 
opposite  sides  of  the  alveolar  wall,  and  a  pore  has  been  formed 
and  threads  of  fibrin  can  be  seen  passing  from  one  alveolus  to  the 
adjoining  alveolus. 

In  the  mechanical  edema  due  to  mitral  stenosis  with  insuffi¬ 
ciency  of  the  valves,  there  frequently  occurs  extensive  shedding  of 
the  epithelium  on  both  sides  of  the  alveolar  wall  which  allows  the 
serum  to  escape  freely  into  adjoining  alveoli.  It  is  on  account  of 
this  extensive  shedding  of  the  epithelium  and  the  absence  of  fibrin 
threads  to  act  as  guides,  that  pores,  although  they  may  be  present 
in  large  numbers,  are  difficult  of  demonstration. 

Alveolar  pores,  therefore,  are  not  to  be  considered  normal  struc¬ 
tures,  but  the  result  of  some  pathological  process  which  occasions 
the  shedding  of  the  epithelium  on  diametrically  opposite  sides 
of  an  alveolar  wall. 


Chapter  V 

THE  BLOOD  VESSELS 

Arteria  Pulmonalis.  The  arteria  pulmonalis,  the  vena  arteriosa 
of  Galen,  follows  in  all  of  its  subdivisions  the  subdivisions  of  the 
bronchial  tree.  As  it  arches  over  the  main-stem  bronchus  it  comes  to 
lie  posterior  (dorsal)  and  slightly  lateral  to  the  bronchus.  At  first 


Fig.  53. — Schematic  longitudinal  section  of  a  pri¬ 
mary  lobule  of  the  lung,  showing  the  relation  of  the 
blood  vessels  to  the  air  spaces,  b.r.,  bronchiolus  respi- 
ratorius;  d.ah,  ductulus  alveolaris;  a. a. a.,  atria;  s.ah, 
s.ah,  sacculi  alveolares;  a.p.,  a.p.,  alveoli  pulmonum; 
art.,  arteria  pulmonalis  with  its  branches  to  the  atria 
and  the  sacculi;  v.,  vena  pulmonalis  with  branches  from 
the  pleura  (1),  from  the  ductulus  alveolaris  (2)  and 
from  the  forking  of  the  bronchiolus  respiratorius  (3). 

(After  Miller,  1900.) 

the  artery  and  bronchus  have  nearly  the  same  diameter,  but  the 
artery  diminishes  much  more  rapidly  in  size  than  the  bronchus,  so 
that  by  the  time  it  reaches  the  lobule  it  is  about  one-fourth  or  one- 
fifth  the  size  of  the  ductulus  alveolaris.  It  is  usually  stated  that  the 
artery,  as  it  approaches  its  ultimate  ending,  divides  more  frequently 
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Fig.  54. — General  scheme  of  a  primary  lobule  in  which  the  subdivisions  of  the  bron¬ 
chial  tree,  the  pulmonary  artery,  the  pulmonary  vein,  the  lymphatics,  and  the  lymphoid 
tissue  are  shown.  In  the  chapters  devoted  to  the  detailed  description  of  each  of  these, 
this  diagram  is  used  in  a  more  or  less  simplified  form.  The  same  is  true  for  the  diagram 
used  in  the  description  of  “Key  Points.” 

B.  Bronchiolus  respiratorius,  which  divides  into  two  ductuli  alveolares,  only  one  of 
which  is  carried  out  to  its  final  subdivisions.  Alv'.  Alveoli  scattered  along  the  bronchiolus 
respiratorius  and  the  ductuli  alveolares.  A. A. A.  Three  atria;  two  other  atria  connected 
with  the  ductulus  are  not  indicated  in  the  diagram.  S.A1.,  S.A1.  Sacculi  alveolares.  Alv., 
Alv.  Alveoli  pulmonum.  P.  Pleura  pulmonalis.  1.  Arteria  pulmonalis  with  its  branches; 
one  of  its  terminal  branches  is  carried  out  to  show  its  breaking  up  into  capillaries,  and 
how  the  arterial  capillaries  gradually  pass  over  into  venous  capillaries,  which  take  part 
in  the  formation  of  a  venous  radicle.  2.  Branches  of  the  arteria  pulmonalis  which  are  dis¬ 
tributed  to  the  bronchiolus  respiratorius  and  ductulus  alveolaris  and  then  break  up  into 
capillaries  which  unite  with  capillaries  derived  from  the  arteria  bronchialis  to  furnish 
the  vascular  supply  to  this  portion  of  the  bronchial  tree.  3.  Vena  pulmonalis ,  with  its 
branches  of  origin  indicated  at  6,  9,  10,  and  from  the  capillary  network  at  the  distal  end 
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than  the  bronchus.  This  would  hold  true  for  the  old  conception  of 
the  lung,  for  no  subdivisions  of  the  bronchial  tree  were  recognized 
beyond  the  distal  termination  of  what  is  now  known  as  the 
ductulus  alveolaris. 

It  has  already  been  pointed  out  that  the  ductulus  alveolaris  gives 
rise  to  the  atria,  the  atria  to  the  sacculi  alveolares,  and  that  these 
collectively,  with  their  blood  vessels,  lymph  vessels  and  nerves, 
form  the  lobule.  When  the  artery  reaches  a  point  distal  to  the 


Fig.  55. — Network  of  capillaries  in  the  walls  of 
the  sacculi  alveolares.  X375. 


ductulus  alveolaris,  it  breaks  up  into  as  many  branches  as  there  are 
atria  (Fig.  53).  Sometimes  we  find  a  special  branch  given  off  from 
the  artery  just  before  it  enters  the  lobule  which  supplies  the  more 
dependent  of  the  sacculi  alveolares.  Each  of  the  atrial  arteries, 
after  giving  off  twigs  to  the  walls  of  its  atrium,  breaks  up  into  as 
many  branches  as  there  are  sacculi  alveolares  connected  with  the 
atrium.  Each  sacculus  artery  gives  rise  to  small  radicles  which  run 
in  the  sulci  between  the  alveoli  pulmonum  on  the  central*  side  of 

*  I  use  “central”  to  designate  that  part  of  the  sacculus  alveolaris  which  is 
nearest  to  the  center  of  the  lobule,  “peripheral”  for  that  which  is  most  distal. 


of  a  radicle  of  the  arteria  pulmonalis.  4.,  4.  Lymphatics ;  the  direction  of  the  lymph  flow 
is  indicated  by  arrows  placed  along  their  course.  Valves  are  also  indicated  and  the  direc¬ 
tion  in  which  they  open.  5.  Arteriae  bronchiales  breaking  up  into  a  capillary  network 
which  unites  with  the  network  of  capillaries  derived  from  branches  of  the  arteria  pul¬ 
monalis  (2)  to  form  the  vascular  supply  of  the  final  divisions  of  the  bronchial  tree. 
5'  shows  how,  in  animals  with  a  thick  pleura,  the  arteria  bronchialis  takes  part  in  the 
formation  of  the  capillary  network  within  the  pleura,  which  is  one  of  the  sources  of 
origin  of  the  vena  pulmonalis.  6.  A  radicle  of  the  vena  pulmonalis  arising  from  the  net¬ 
work  of  capillaries  into  which  the  arteria  bronchialis  breaks  up  in  the  pleura.  7,  8,  9,  10, 
situations  in  which  lymphoid  tissue  is  found. 
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the  sacculus  and  end  in  a  capillary  network  from  which  most  of  the 
venae  pulmonales  take  their  origin  (Fig.  54). 

Capillaries.  The  capillaries  into  which  the  arteria  pulmonalis 
breaks  up  form  within  the  lung  the  richest  capillary  network  in  the 
body,  the  mesh  of  which,  as  F.  E.  Schulze  has  pointed  out,  is  ex¬ 
ceedingly  small,  often  less  than  the  diameter  of  the  capillaries  that 
bound  it. 

From  this  capillary  network  venous  radicles  are  formed  which  are 
situated  on  the  peripheral  side  of  the  sacculus  alveolaris  opposite 


Fig.  56. — Capillary  network  in  the  walls  of  two  alveoli  that  abut  against  a 
small  bronchiolus.  Note  the  coarseness  of  the  capillary  network  as  compared 
with  the  network  in  Figure  55.  X375. 

the  artery.  From  the  last  point  where  the  arterial  radicles  can  be 
recognized  to  the  first  point  where  the  venous  radicles  can  be  dis¬ 
tinguished,  there  are  usually  twenty-five  or  more  capillary  loops. 

This  network  of  capillaries  is  situated  within  the  walls  of  the 
sacculi  alveolares  and,  as  already  stated,  forms  a  part  of  them.  As 
Rainey  pointed  out,  only  a  single  network  is  found  in  any  given 
wall;  the  network  is,  therefore,  common  to  two  or  more  adjacent 
sacculi  alveolares  (Fig.  55). 

The  mesh  of  the  capillary  network  in  the  walls  of  the  alveoli 
situated  just  beneath  the  pleura  is  much  coarser  than  that  within 
the  lung,  the  proportion  being  nearly  four  to  one;  the  same  is  true 
in  the  case  of  alveoli  that  abut  against  the  connective  tissue  septa, 
and  to  a  lesser  degree  in  the  case  of  alveoli  that  abut  against 
bronchi  or  blood  vessels  that  are  surrounded  by  dense  connective 
tissue  (Fig.  56). 

Venae  Pulmonales.  The  pulmonary  artery  closely  associated  with 


THE  BLOOD  VESSELS 


73 


the  bronchus  is  often  enclosed  within  the  same  connective  tissue 
sheath;  on  the  other  hand,  the  pulmonary  veins,  the  arteriae  venosae 
of  Galen,  are  situated  as  far  removed  from  the  bronchus  and  its 
subdivisions  as  possible. 


Fig.  57. — Combination  of  three  sections  taken  through  the  center  of 
a  primary  lobule  of  the  lung  of  a  dog.  D.A.,  ductulus  alveolaris; 

A. A. A.,  atria;  A.S.,  A.S.,  A.S.,  sacculi  alveolares;  C.,  alveolus  pul¬ 
monis.  The  tunica  muscularis  of  the  ductulus  alveolaris  is  indicated  by 
the  broken  lines.  The  pulmonary  artery  is  indicated  by  the  vessel 
with  a  stellate  opening;  the  pulmonary  veins  are  in  solid  black.  Note 
the  two  veins  which  arise  from  the  ductulus  alveolaris;  they  cor¬ 
respond  to  (2)  in  Figure  27.  Camera  lucida  drawing.  X80. 

The  pulmonary  veins  can  be  traced  to  four  sources  of  origin 

(1)  The  capillary  network  within  the  pleura  which  is  derived  in 
man  and  animals  with  a  thick  pleura,  from  subdivisions  of  the 
bronchial  artery;  in  animals  with  a  thin  pleura,  from  subdivisions 
of  the  pulmonary  artery. 

(2)  The  capillary  network  in  the  ductuli  alveolares  which  gives 
origin  to  two  venous  radicles,  one  on  either  side  of  a  ductulus.  As 
will  be  noted  later,  these  two  radicles  are  the  only  veins  found 
within  the  primary  lobule  and  carry  away  blood  from  the  ductulus 
and  adjoining  atria  (Fig.  57). 

(3)  The  two  venous  radicles,  one  on  either  side,  which  leave  the 
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bronchi  at  the  place  where  bronchi  or  bronchioli  divide  (Fig.  54). 
These  venous  radicles  are  sometimes  called  “broncho-pulmonary 
veins”  (Fig.  62). 

(4)  The  network  of  capillaries  derived  from  the  pulmonary 
artery  situated  within  the  walls  of  the  sacculi  alveolares  (Fig.  54). 

In  a  transverse  section  through  a  primary  lobule  which  includes 
the  distal  end  of  the  ductulus  alveolaris  (Fig.  57),  it  will  be  seen  that 
the  artery  occupies  a  central,  the  veins  a  peripheral,  position.  The 
two  venous  radicles,  which  form  the  exception  to  the  rule  that 
the  veins  are  peripheral,  can  be  seen,  one  on  either  side,  as  they 
leave  the  ductulus. 

Bronchial  Artery.  The  discovery  of  the  bronchial  arteries  is 
usually  ascribed  to  Ruysch,  who  made  claim  to  the  honor  in  the 
following  words:  “  Hanc  arteriam  a  nemine  adhunc  esse  observaiam, 
intrepide  affirmo.”  He  was  not,  however,  the  first  to  see  them. 
Galen  knew  that  the  aorta  sent  small  branches  to  the  lung,  but 
he  had  no  name  for  them.  Columbus  denied  their  existence  in  the 
following  words:  u Ah  aorta  arteria  ramus  nullus,  neque  magnus , 
neque  parvulus  ad  pulmones  mittitur consequently  they  were 
forgotten  until  Dominico  de  Marchettis  again  described  them.  He 
was,  therefore,  the  second  one  to  describe  the  bronchial  arteries, 
although  Ruysch  had  claimed  the  primary  honor  for  himself. 

The  bronchial  arteries  vary  in  number  and  origin.  Usually  three 
arteries  are  described,  one  for  the  right  lung  and  two  for  the  left 
lung.  They  ordinarily  take  their  origin  from  the  ventral  side  of  the 
upper  part  of  the  thoracic  aorta.  The  right  bronchial  artery  is 
more  variable  in  its  origin  than  are  the  left  bronchial  arteries;  it 
may  arise  from  the  first  intercostal  artery,  the  third  intercostal 
artery,  the  right  internal  mammary  artery,  or  the  right  subclavian 
artery.  Occasionally,  all  three  arteries  arise  from  a  common  trunk 
which  has  its  origin  on  the  ventral  side  of  the  thoracic  aorta.  Both 
sets  of  arteries  pass  along  the  posterior  wall  of  their  respective 
bronchus  and  enter  the  hilum  of  the  lung. 

As  soon  as  the  bronchial  arteries  have  entered  the  lung  they  em¬ 
bed  themselves  in  the  layer  of  connective  tissue  which  surrounds 
the  bronchi.  As  a  rule,  two  or  three  branches  of  the  bronchial 
artery  accompany  each  of  the  larger  bronchi  and  bronchioli,  and 
each  subdivision  of  the  bronchial  tree  is  accompanied  by  a  corre¬ 
sponding  division  of  the  bronchial  artery. 

Anastomosing  branches  connect  the  arterial  trunks  with  each 
other,  and  in  this  way  a  plexus  is  formed  which  has  a  much  elon¬ 
gated  and  irregular  mesh.  The  general  course  of  the  vessels  which 
form  this  plexus  is  at  a  right  angle  to  the  muscular  layer. 

Branches  of  the  bronchial  artery  can  be  followed  as  far  as  the 
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Fig.  58. — Transverse  section  of  bronchiolus  0.7  mm.  in  diameter. 
Bronchial  arteries,  red;  pulmonary  vessels,  blue.  X60. 

reached  the  tunica  propria,  they  turn  and  run  for  a  short  distance 
parallel  with  the  muscle  bundles,  and  then  break  up  into  capil¬ 
laries  which  form  a  network,  the  long  axis  of  which  corresponds  to 
the  long  axis  of  the  bronchus. 

From  this  network  of  capillaries  venous  radicles  arise,  which 
unite  to  form  a  plexus  with  an  irregular  rectangular  mesh,  situated 
on  the  inner  side  of  the  muscular  layer;  from  this  plexus  short 


smaller  bronchioli.  With  the  appearance  of  alveoli  along  the  walls 
of  the  bronchioli,  the  character  of  the  air  tubes  changes;  and  the 
bronchial  arteries,  as  a  distinct  set  of  vessels,  disappear  (Fig.  54). 

From  the  arterial  plexus  in  the  fibrous  layer  small  branches  are 
given  off  which  penetrate  the  muscular  layer;  when  they  have 
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branches  penetrate  the  muscular  layer,  and  form  a  second  plexus 
of  larger  vessels  along  the  boundary  line  between  the  muscular  and 
fibrous  layers.  From  this  second  plexus  small  veins  arise  which  form 
one  of  the  sources  of  origin  of  the  pulmonary  vein  (Fig.  62).  By  this 
arrangement  the  muscular  layer  of  the  bronchi  and  of  the  bron- 
chioli  is  situated  between  two  venous  plexuses. 

Taking  up  now  in  detail  the  distribution  of  the  bronchial  blood 
vessels,  Figure  58  is  a  transverse  section,  lOOg  thick,  of  a  bronchio- 
lus  0.7  mm.  in  diameter.  The  three  principal  branches  of  the  bron¬ 
chial  artery  (red)  are  nearly  equidistant  from  each  other.  Small 


Fig.  59. — Dissection  of  a  longitudinal  strip 
of  a  bronchiolus.  Bronchial  vessels,  red;  pul¬ 
monary  vessels,  blue.  X20. 

branches  of  the  artery  appear  scattered  about  in  the  outer  fibrous 
coat  of  the  bronchiolus.  On  the  left  side  of  the  bronchiolus,  midway 
between  the  pulmonary  artery  (blue)  and  its  lumen,  some  of  the 
branches  of  the  bronchial  artery  can  be  seen,  which  penetrate  the 
muscular  layer  and  eventually  break  up  into  the  capillary  network 
which  is  situated  within  the  tunica  propria  of  the  bronchiolus.  A 
few  of  these  capillaries  can  be  seen,  as  fine  blue  vessels,  on  the 
opposite  side  of  the  bronchiolus,  running  parallel  to  its  long  axis. 
The  two  venous  plexuses,  which  enclose  between  them  the  muscu¬ 
lar  layer,  also  appear  in  this  section,  the  outer  plexus  being  made 
up  of  larger  vessels  than  is  the  inner  plexus.  Small  capillary  vessels 
can  be  seen,  here  and  there,  extending  between  the  venous  plexus 
in  the  wall  of  the  bronchiolus  and  the  capillary  network  in  the 
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walls  of  the  alveoli  which  are  in  contact  with  the  bronchiolus.  The 
capillaries  in  the  alveolar  walls  are  derived  from  the  pulmonary 
artery  and  not  from  the  bronchial  artery. 


Fig.  60. — Capillary  network  within  the  walls  of  a  bronchiolus.  Bronchial 
artery,  red;  capillaries,  dark  blue;  venous  plexus  on  the  inner  surface  of  the 
muscular  layer,  light  blue.  X 100. 

In  Figure  59,  a  portion  of  a  bronchiolus,  which  has  been  cut- 
open  longitudinally,  has  been  dissected  in  such  a  manner  that  the 
left  leaf  of  the  dissection  is  made  up  of  the  fibrous  coat,  while  the 
right  leaf  is  composed  of  the  muscular  layer,  the  tunica  propria 
and  the  epithelium.  The  two  leaves  were  then  so  placed  that  they 
could  be  opened  like  the  leaves  of  a  book.  One  of  them  was  turned 
to  the  left,  while  the  other  was  turned  to  the  right;  by  this  proce- 
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dure  the  left  leaf  lay  with  its  outermost  surface  down,  and  the  right 
leaf  with  its  epithelial  surface  down. 

The  left  leaf  shows  a  portion  of  the  arterial  plexus,  some  of  the 
smaller  arterial  branches,  a  portion  of  the  outer  venous  plexus, 
and  one  of  the  venous  radicles  which  would  have  eventually  taken 
part  in  the  formation  of  a  pulmonary  vein  (see  Fig.  62). 

The  right  leaf  has  a  number  of  points  of  interest.  A.  little  to  the 
left,  and  somewhat  below  its  center,  a  branch  of  the  bronchial 
artery  can  be  seen,  situated  underneath  the  point  where  three 
venous  twigs  apparently  come  together.  The  artery  and  the  venous 
twigs  were  cut  off  from  the  arterial  and  venous  stubs  which  can  be 
recognized,  nearly  opposite  to  them,  on  the  left  leaf.  The  larger 
venules  are  part  of  the  plexus  outside  the  muscular  layer;  the 
smaller  venules,  which,  with  the  fine  straight  vessels,  form  the  rec¬ 
tangular  areas,  belong  to  the  venous  plexus  which  is  situated  in¬ 
side  the  muscular  layer;  while  the  fine  straight  vessels  are  the  capil¬ 
laries  which  are  situated  just  beneath  the  epithelium  in  the  tunica 
propria.  It  is  necessary  that  the  artery  and  its  course  in  each  leaf  be 
recognized,  for  this  is  the  artery  that  appears  in  Figure  60,  and 
gives  origin  to  the  capillary  network  there  shown. 

Figure  60  is  an  enlarged  view  of  the  lower  half  of  the  right  leaf 
in  Figure  59.  This  was  obtained  by  turning  the  leaf  over,  so  that 
its  epithelial  surface  came  to  lie  uppermost;  for  this  reason  the 
course  of  the  artery  appears  to  be  reversed  from  that  which  it  takes 
in  Figure  59.  The  dark  blue  vessels  are  the  superficial  capillaries; 
the  lighter  colored  vessels  are  situated  deeper,  and  take  part  in 
forming  the  venous  plexus  on  the  inner  side  of  the  muscular  layer. 

The  artery  is  seen  breaking  up  into  a  number  of  branches  which 
at  first  run  parallel  to  the  muscle  bands;  they  then  give  rise  to  a 
number  of  short  branches,  which  terminate  in  capillaries  that  run 
lengthwise  within  the  tunica  propria  of  the  bronchiolus. 

With  the  appearance  of  alveoli  along  the  walls  of  the  bronchioli, 
the  bronchial  arteries  as  a  distinct  set  of  vessels  disappear.  There 
is  nothing  new  in  this  statement.  That  the  bronchioli  respiratorii 
and  the  air  spaces  beyond  them  are  supplied  by  the  pulmonary 
artery  and  not  by  the  bronchial  artery,  LeFort,  Kiittner,  Schwarz 
and  others  have  previously  stated,  and  my  own  investigations  con¬ 
firm  their  observations. 

As  the  bronchioli  respiratorii  are  approached,  the  bronchial  ar¬ 
teries  terminate  in  a  network  of  elongated  capillaries  which  repre¬ 
sent  the  capillaries  in  the  tunica  propria  and  the  attenuated  venules 
outside  the  muscular  layer.  By  this  arrangement  the  muscular 
layer  is  still  enclosed  by  a  vascular  network.  The  capillary  network 
thus  formed  quickly  merges  with  the  capillary  network  in  the  walls 
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of  the  alveoli,  and  from  this  point  onward  the  pulmonary  artery 
alone  supplies  the  bronchial  tree. 

Figure  61  shows  a  bronchiolus  respiratorius  which  is  dividing, 
on  the  right,  into  two  ductuli  alveolares.  The  section  was  of  suffi¬ 
cient  thickness  to  include  the  full  diameter  of  the  bronchiolus.  In 
order  to  understand  this  section  completely  it  is  necessary  to  recall 
certain  structural  features  of  a  bronchiolus  respiratorius :  the  mus¬ 
cle  is  arranged  in  the  form  of  anastomosing  bands;  opening  out  of 
the  bronchiolus,  through  the  mesh  formed  by  these  anastomosing 
bands,  are  the  alveoli;  the  alveoli  are  supplied  with  blood  by  the 
pulmonary  artery,  and  they  take  part  in  respiration  (Fig.  54). 


Fig.  61. — Vascular  supply  of  a  bronchiolus  respiratorius.  For  a  description 
see  text.  Pulmonary  artery,  red;  all  other  vessels,  blue.  X68. 

The  plane  of  the  upper  surface  of  the  section  in  Figure  61  is  such 
that  the  muscle  bands  are  intact,  while  the  alveoli  have  been  cut 
off  close  to  their  connection  with  the  bronchiolus.  That  this  is  the 
case  is  shown  by  the  clear  openings  leading  into  the  bronchiolus.  A 
branch  of  the  pulmonary  artery  which  was  dividing  into  three 
smaller  branches  was  cut  through  just  as  it  arched  over  the  rounded 
contour  of  the  bronchiolus.  If  the  capillaries  which  are  directly 
connected  with  that  portion  of  the  artery  which  lies  above  the 
muscle  in  the  center  of  the  section  be  followed,  it  will  be  found  that 
some  of  them  pass  beneath  the  bands  of  muscle  while  others  pass 
outside  of  the  muscle,  in  this  manner  continuing  the  relation  of 
muscle  and  blood  vessels  which  has  existed  throughout  the  bron¬ 
chial  tree. 
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The  capillary  network  which  is  in  close  apposition  to  any  divi¬ 
sion  of  the  air  tubes  or  to  any  blood  vessel  is  always  coarser  than 
in  the  walls  of  the  air  spaces.  This  is  shown  along  the  upper  border 
of  Figure  56,  where  the  capillaries  are  uniting  to  form  a  small 
venous  radicle. 

It  is  interesting  to  note  that  this  transitional  zone  from  the 
bronchial  to  the  pulmonary  circulation  in  the  bronchial  tree  is  a 
favorite  place  for  tubercles  to  develop.  I  have  found  this  true  not 


Fig.  62. — A  branch  of  the  pulmonary  vein  arising 
from  the  place  where  branches  are  given  off  from  a 
main  bronchiolus.  Bronchial  artery,  red;  pulmonary 
vessels,  blue.  X50. 

only  in  experimental  tuberculosis,  but  also  in  early  human  tuber¬ 
culosis.  Whether  this  be  due  to  a  retardation  of  the  circulation  at 
this  point  or  to  some  other  cause,  I  am  unable  to  state. 

How  is  the  blood  which  is  brought  to  the  bronchial  tree  by  the 
bronchial  artery  carried  away?  True  bronchial  veins  are  found  only 
at  the  hilum  of  the  lung;  these  arise  from  the  first  or  the  first  two 
dividing  points  of  the  bronchial  tree;  they  may  also  receive 
branches  from  that  part  of  the  pleura  which  is  in  close  proximity 
to  the  hilum.  These  bronchial  veins  empty  into  the  azygos,  the 
hemiazygos,  or  one  of  the  intercostal  veins. 
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Within  the  lung  the  radicles  which  have  their  origin  from  the 
outer  venous  plexus  in  the  walls  of  the  bronchi  and  bronchioli,  or 
from  the  capillary  network  in  the  walls  of  the  bronchioli  respi- 
ratorii,  unite  at  the  place  where  the  bronchi  or  bronchioli  divide  to 
form  a  radicle  of  the  pulmonary  vein. 

In  Figure  62  a  branch  of  the  pulmonary  vein  is  shown,  which 
has  its  origin  from  small  venules  that  come  from  the  place  where 
two  bronchi,  which  are  respectively  3  and  4  mm.  in  diameter,  arise 
from  a  bronchus  which  is  6.5  mm.  in  diameter.  Another  vein,  which 
was  formed  in  like  manner,  was  present  on  the  opposite  side  of  the 
bronchus.  As  a  rule,  two  radicles  of  a  pulmonary  vein  arise  from 
the  place  where  bronchi  or  bronchioli  divide.  Smaller  veins  arise 
from  the  distal  end  of  ductuli  alveolares;  these  are  also  paired,  and 
they  join  larger  branches  of  the  pulmonary  vein  which  are  situated 
on  the  periphery  of  a  primary  lobule.  To  recapitulate:  except  for 
a  limited  area  about  the  hilum,  all  the  blood  which  is  distributed  to 
the  bronchial  tree  is  returned  by  the  pulmonary  veins. 

When  the  richness  of  the  capillary  network  in  the  bronchial  walls 
is  considered,  it  can  readily  be  understood  that  it  may  be  the  source 
of  a  severe  hemorrhage  arising  either  from  a  localized  infection  or 
from  a  foreign  body  finding  lodgment  in  an  air  passage ;  it  also  as¬ 
sists  in  understanding  how  a  localized  infection  in  the  wall  of  a 
bronchus  or  a  bronchiolus  may  find  its  way  through  the  epithelium 
and  gain  entrance  either  into  the  vascular  network  in  their  walls 
or  into  a  lymphatic  and  thus  give  rise  to  a  hematogenous  or  to  a 
lymphogenous  extension  of  the  infection. 

Wounds  of  the  lung  which  involve  the  bronchial  artery  are  much 
more  fatal  than  those  which  involve  the  pulmonary  artery;  this  is 
due  to  the  higher  pressure  in  the  bronchial  artery,  which  causes 
splenization  or  hemorrhagic  infarction  extending  to  the  pleural 
surface,  and  is  almost  constantly  provocative  of  empyema.  Ob¬ 
struction  of  the  bronchial  artery  may  occasion  infarction  and  gan¬ 
grene. 

Do  anastomoses  exist  between  the  bronchial  artery  and  the  pul¬ 
monary  artery?  Following  the  announcement  by  Ruysch  of  the 
presence  of  bronchial  arteries,  for  some  time  the  main  question  was 
in  regard  to  their  existence.  This  being  settled  in  the  affirmative, 
attention  was  next  directed  toward  their  distribution  within  the 
lung,  the  presence  of  bronchial  veins,  and  the  relation  of  the  bron¬ 
chial  to  the  pulmonary  blood  vessels. 

Notable  contributions  have  been  made  to  these  problems  by 
Wohlfahrt,  Heller,  Reisseisen,  v.  Sommering,  Guillot,  Luschka, 
LeFort,  Kiittner,  Zuckerkandl,  Nakamura  and  others,  whose 
work  will  be  discussed  later. 

Up  to  the  time  of  Guillot  there  was  a  general  agreement  that  the 
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bronchial  artery  anastomosed  with  the  pulmonary  artery.  Guillot 
injected  the  pulmonary  artery  with  a  solution  of  gelatin  colored 
yellow  with  chromate  of  lead,  and  the  systemic  arteries  through  the 
aorta  with  a  solution  of  gelatin  colored  red  with  vermilion.  After 
making  more  than  thirty  injections  he  did  not  find  any  evidence 
that  the  two  systems  anastomosed,  but  in  every  instance  com¬ 
munications  existed  between  the  bronchial  artery  and  the  pulmo¬ 
nary  vein. 

Wishing  to  determine  for  myself  whether  there  were  anastomoses 
between  the  two  arterial  systems,  I  made  a  series  of  five  sets  of 
injections,  using  the  lungs  of  dogs,  weighing  from  20  to  21  kilos. 
In  each  injection  except  the  last  an  8%  solution  of  Berlin  blue  in 
gelatin  was  used  and  a  pressure  of  110  mm.  of  Hg. 

(1)  Berlin  blue  in  pulmonary  artery,  pulmonary  vein  open. 
Result:  bronchial  blood  vessels  uninjected. 

(2)  Berlin  blue  in  pulmonary  vein,  pulmonary  artery  open. 
Result:  slight  injection  of  bronchial  vessels. 

(3)  Berlin  blue  in  pulmonary  artery,  pulmonary  vein  clamped. 
Result:  imperfect  injection  of  bronchial  vessels. 

(4)  Berlin  blue  in  pulmonary  vein,  pulmonary  artery  clamped. 
Result:  complete  injection  of  bronchial  vessels. 

(5)  Berlin  blue  in  pulmonary  vein  until  it  flowed  freely  from  the 
pulmonary  artery.  The  pulmonary  vein  was  then  clamped  and  a 
solution  of  gelatin  containing  vermilion  granules  in  suspension  was 
forced  into  the  pulmonary  artery.  Result:  bronchial  blood  vessels 
and  pulmonary  veins  blue,  pulmonary  artery  red,  no  anastomosis 
between  the  two  arterial  systems. 

These  experiments  demonstrated  quite  conclusively  that  the 
bronchial  blood  vessels  are  directly  connected  with  the  pulmonary 
vein  and  can  be  only  partially  injected  from  the  pulmonary  artery 
when  the  pulmonary  vein  is  clamped,  and  then  by  a  backward 
flow  along  the  venous  radicles  which  arise  from  the  bronchi. 

From  the  experimental  side  confirmation  of  the  above  conclu¬ 
sion  is  found  in  the  work  of  Ghoreyeb  and  Karsner,  Karsner  and 
Ash,  Berry  and  Daly,  and  Daly. 

Do  anastomoses  exist  between  the  bronchial  and  pulmonary 
arteries?  If  the  question  be  restricted  to  the  arteries,  it  must  be 
answered  in  the  negative.  If  the  question  be  asked  if  there  be 
anastomoses  between  the  bronchial  and  pulmonary  circulatory 
systems,  I  answer  in  the  affirmative;  but  it  is  by  means  of  the 
capillaries. 

Throughout  the  entire  bronchial  tree  capillary  anastomoses  like 
those  seen  in  Figure  58  are  found.  It  is  conceivable  that  at  times 
the  same  thing  may  occur  in  the  lung  as  elsewhere  in  the  body; 
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namely,  through  some  obstruction  to  the  normal  flow  of  blood,  a 
vessel,  or  vessels,  may  be  developed  to  a  greater  degree  than  is 
the  usual  case,  and  in  this  manner  an  occasional  anastomosis  may 
arise. 

Another  source  of  misinterpretation  is  found  in  the  fact  that  the 
vasa  vasorum  of  the  pulmonary  artery  are  derived  from  bronchial 
arteries.  A  branch  of  the  bronchial  artery  is  traced  into  the  wall  of 
a  pulmonary  artery;  therefore  they  anastomose. 


Chapter  VI 

THE  LYMPHATICS 

The  lymphatics  form  a  closed  system  of  vessels.  They  are  neither 
in  communication  with  the  connective  tissue  spaces  nor  are  they 
in  communication  with  the  pleural  cavity  by  means  of  stomata. 

Structure  of  the  Lymphatics.  The  larger  lymphatics  resemble 
the  veins  in  structure,  but  they  differ  from  them  in  that  their 
diameter  varies  greatly  within  short  distances,  becoming  suddenly 
narrow,  only  to  widen  immediately.  Three  distinct  walls  can  be 
distinguished,  a  tunica  intima,  a  tunica  media,  and  a  tunica  adven¬ 
titia.  The  tunica  adventitia  is  the  most  characteristic  coat  of  the 
lymphatics,  since  it  contains  numerous  smooth  muscle  fibers,  some 
of  which  run  longitudinally,  others  obliquely.  The  intima  consists 
of  a  layer  of  endothelium.  The  smaller  lymphatics  have  only  two 
coats,  a  tunica  adventitia  which  consists  of  fibro-elastic  tissue,  and 
a  tunica  intima  formed  of  endothelium.  The  so-called  lymph  cap¬ 
illaries  consist  of  a  single  layer  of  endothelium. 

The  lymphatics  in  the  neighborhood  of  the  hilum  and  in  the 
pleura  contain  numerous  valves,  while  within  the  lung  only  an 
occasional  valve  is  found.  The  valves  are  usually  arranged  in 
pairs;  they  are  formed  by  semilunar  folds  of  the  intima  and 
strengthened  by  a  small  amount  of  connective  tissue.  They  are 
covered  by  endothelium;  the  cells  on  the  side  of  the  valve  turned 
toward  the  lymph  flow  are  elongated  in  the  direction  of  the  flow, 
while  on  the  opposite  side  of  the  valve  they  are  placed  transversely 
across  the  valve.  In  the  lymphatics  of  the  pleura,  in  the  septa 
adjacent  to  the  pleura,  and  at  the  hilum,  the  valves  frequently 
have  a  small  pouch,  or  sinus,  where  they  leave  the  wall  of  the 
lymphatic.  These  sinuses  are  best  demonstrated  in  longitudinal 
sections  of  the  valve. 

In  one  instance  a  valve  was  found  which  consisted  of  a  single 
leaf,  the  other  leaf  being  formed  by  the  attenuated  wall  of  the 
lymphatic  into  which  it  opened  (Fig.  63).  Not  infrequently  valves 
are  seen  in  cross-section:  sometimes  close  to  their  origin  from  the 
wall  of  the  lymphatic,  then  again  more  or  less  toward  their  highest 
point  in  the  vessel  (Fig.  64). 

The  lungs  are  provided  with  an  abundant  supply  of  lymphatics. 
That  this  should  be  the  case  is  not  surprising  when  the  importance 
of  the  organ  is  taken  into  consideration.  Neither  the  liver,  spleen 
nor  kidney  has  a  lymphatic  supply  comparable  to  that  in  the  lung. 
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Fig.  63. — An  oblique  section  through  a  lymphatic  valve 
which  consists  of  one  leaf,  the  other  being  formed  by  the  at¬ 
tenuated  wall  of  the  lymphatic  into  which  it  opens.  Xl50. 


Fig.  64. — Transverse  section  of  a  valve  situated  in  a 
lymphatic  in  the  human  pleura.  X200. 
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Grossly  the  lymphatics  of  the  lung  can  be  divided  into  a  super¬ 
ficial  and  a  deep  set.  The  former  is  situated  in  the  pleura  pulmo- 
nalis;  the  latter  accompanies  the  bronchi,  the  pulmonary  artery  and 
its  ramifications,  and  the  pulmonary  veins.  It  also  forms  a  dense 
network  in  the  connective  tissue  septa  between  the  secondary 
lobules.  The  two  sets  of  lymphatics  are  in  communication  with 
each  other  in  the  pleura  and  at  the  hilum  of  the  lung.  The  nature 
of  this  communication  will  be  discussed  later. 

The  lymphatics  of  the  lung  were  first  seen  and  described  by  Olof 
Rudbeck  in  1653.  He  saw  them  in  the  pleura  of  the  dog’s  lung; 


Fig.  65. — Lymphatics  of  the  lung  as  illustrated  by  T.  Willis. 


apparently  only  a  few  of  the  main  trunks  at  the  hilum  of  the  lung 
were  seen.  Thomas  Willis,  in  his  Pharmaceutice  Rationalis  pub¬ 
lished  in  1675,  after  describing  the  blood  and  air  vessels  of  the  lung, 
says  in  regard  to  the  lymphatics: 

Indeed  there  is  need  of  a  great  many  of  this  sort  of  Vessels  in  the  Lungs, 
because,  seeing  the  blood  is  hottest  of  all  there,  is  hastily  circulated,  and 
yet  can  exhale  nothing  to  without  by  transpiration,  the  veins  can  hardly 
receive  all  the  whole  mass  of  blood  from  the  Arteries;  and  the  Glandules 
contain  not  long  what  is  deposited  in  them:  therefore  there  is  need  of 
lymphducts  as  so  many  channels  whereby  the  superfluous  humour  might 
continually  be  sent  off.  If  these  at  any  time  happen  to  be  obstructed  or 
broken,  there  often  follows  a  Dropsie  of  the  Lungs  or  Breast,  and  some¬ 
times  Coughs  and  Phthisicks. 

By  preventing  the  discharge  of  the  contents  of  the  thoracic  duct 
into  the  subclavian  vein  in  a  dog  that  had  eaten  and  drunk  largely, 
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Willis  caused  the  superficial  lymphatics  of  the  lung  to  fill  and  be¬ 
come  very  apparent,  due  to  the  fact  that  they  were  unable  to  empty 
themselves  (Fig.  65). 

Passing  over  an  interval  of  one  hundred  years,  we  come  to  the 
epoch-making  work  of  Cruikshank  and  of  Mascagni  on  the  lymphat¬ 
ics.  Each  of  these  authors  described  a  superficial  and  a  deep  set 
of  pulmonary  lymphatics  which  communicated  with  each  other. 
Both  confine  their  descriptions  almost  wholly  to  the  superficial 
set,  saying  but  little  about  the  deep  set. 

Another  interval  of  nearly  one  hundred  years  must  be  passed 
over  before  noteworthy  contributions  were  made  to  our  knowledge 
of  the  pulmonary  lymphatics,  though  much  had  been  added  to  our 
knowledge  of  the  general  distribution  of  lymphatics  in  other  situa¬ 
tions.  Wywodzoff  studied  the  lymphatics  of  the  lung  of  the  dog 
and  of  the  horse.  He  described  the  deep  lymphatics  as  arising  from 
fine  lymph  capillaries  situated  in  the  walls  of  the  air  spaces.  These 
lymph  capillaries  ran  at  an  angle  to  the  blood  capillaries.  He  also 
described  lymph  spaces  in  the  walls  of  the  sacculi  alveolares  in 
which  the  lymph  collected.  (These  appearances  were  evidently 
caused  by  extravasations  and  were  artifacts.)  The  larger  lympha¬ 
tics  were  situated  in  the  walls  of  the  blood  vessels  and  bronchi. 
These  two  sets  of  lymphatics  communicated  with  each  other.  The 
superficial  lymphatics  formed  a  network  which  was  destitute  of 
valves,  while  the  deeper  set  possessed  valves  (sic).  The  two  sets  of 
lymphatics  (superficial  and  deep)  were  connected  with  each  other 
by  branches  which  followed  the  course  of  the  pulmonary  vein  from 
the  pleura  into  the  interior  of  the  lung,  where  they  joined  other 
lymphatics  coming  from  the  bronchi  or  from  other  blood  vessels. 

Sikorsky,  in  his  first  paper,  described  a  system  of  fine  capillaries 
and  lacunae  in  the  walls  of  the  air  spaces  similar  to  that  of  Wywod¬ 
zoff;  also  a  system  of  fine  lymph  capillaries  between  the  ciliated 
epithelial  cells  lining  the  bronchi.  These  united  to  form  a  network 
of  vessels  which  in  turn  gave  origin  to  the  main  lymphatic  trunks 
which  passed  out  of  the  lung  at  the  hilum.  In  a  second  paper  he 
made  no  reference  to  his  previous  statements  and  evidently  aban¬ 
doned  them.  The  pleural  lymphatics  eventually  formed  trunks 
which  passed  to  the  hilum  of  the  lung. 

Sappey  states  that  the  lymphatics  in  the  pleura  and  in  the  lung 
communicate  freely  with  each  other.  So  free  is  this  communication 
that  one  set  of  vessels  cannot  be  injected  without  injecting  the 
other.  He  makes  a  notable  contribution  to  our  knowledge  of  the 
pulmonary  lymphatics  when  he  describes  the  secondary  lobules, 
which  are  so  plainly  marked  out  in  the  lung  of  the  ox  and  in  the 
lung  of  man,  as  being  surrounded  by  a  network  of  lymphatics 
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which  resembles  the  network  of  blood  capillaries  in  that  it  is  com¬ 
mon  to  adjacent  secondary  lobules.  The  superficial  (pleural) 
lymphatics  are  arranged  in  the  form  of  irregular  polyhedral  rings 
with  four,  five  or  six  unequal  sides.  These  vessels  have  an  unusually 
large  diameter. 

Klein  describes  pleural,  peribronchial  and  perivascular  lymphat¬ 
ics.  He  says  the  arrangement  of  the  lymphatics  accompanying  the 
veins  is  similar  to  that  about  the  arteries  except  that  the  smaller 
veins  are  not  accompanied  by  lymphatics  but  have  perivascular 


Fig.  66. — Plexus  of  lymphatics  about  the  bronchi  and  pulmonary 
artery.  A  bronchus  is  shown  dividing  into  two  smaller  branches. 
Situated  on  the  outer  side  of  each  of  the  subdivisions  of  the  bron¬ 
chus  there  is  a  branch  of  the  pulmonary  artery.  In  the  following 
section  these  two  arteries  are  found  to  be  branches  of  an  arterial 
trunk  which  is  situated  below  and  to  the  right  of  the  main  bron¬ 
chus.  Note  the  intimate  relation  of  the  lymphatics  about  the  bronchi 
and  arteries  and  that  there  is  a  prominent  lymph  trunk  situated  be¬ 
tween  each  bronchus  and  artery.  Xl5. 

lymph  spaces  about  them.  Klein  was  a  strong  advocate  of  the  now 
obsolete  theory  of  the  communication  of  the  pleural  cavity  with 
the  lymphatics  of  the  pleura  by  means  of  stomata  situated  in  the 
mesothelium  of  the  pleura  pulmonalis. 

In  1900  I  published  in  the  Archiv  fur  Anatomie  and  Physiologie 
the  results  of  my  investigations  on  the  blood  vessels  and  lympha¬ 
tics,  using  the  dog’s  lung  as  the  basis  for  my  work,  and  in  1908  I 
demonstrated  at  the  Chicago  meeting  of  the  American  Association 
of  Anatomists  the  lymphatics  of  the  human  lung. 

In  the  early  stages  of  the  development  of  the  lungs,  the  bronchi, 
arteries  and  veins  are  closely  associated  with  each  other.  As  devel¬ 
opment  progresses,  the  bronchi  and  arteries  maintain  this  close 
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relationship,  but  the  veins  tend  to  wander  away  from  the  bronchi 
and  eventually  come  to  occupy  a  position  on  the  periphery  of  the 
primary  lobules  and  of  the  secondary  lobules.  This  change  in  the 
relationship  of  the  blood  vessels  to  the  bronchi  has  its  influence 
on  the  networks  of  lymphatics  which  are  associated  with  these 
structures. 


Fig.  66a. — After  the  completion  of  the  chapter  on  the  lymphat¬ 
ics,  my  colleague,  Prof.  C.  H.  Bunting,  brought  to  me  the  material 
from  which  the  above  photomicrograph  was  made.  It  shows  the 
lymphatics  in  the  wall  of  a  bronchus  filled  with  cancer  cells,  and 
illustrates  in  a  striking  manner  the  role  the  lymphatics  play  in  the 
diffusion  of  disease  processes  in  the  lung.  X50. 

Cunningham  states  that  while  at  first  the  bronchi  and  arteries 
have  a  common  plexus  of  lymphatics,  eventually  this  plexus  of 
lymphatics  becomes  differentiated  into  two  parts,  one  of  which 
follows  the  bronchus  while  the  other  follows  the  artery.  These  two 
plexuses  never  become  entirely  distinct,  but  maintain  connecting 
vessels,  especially  at  the  points  where  division  of  the  bronchi 
occurs. 
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Lymphatics  of  the  Bronchi.  In  the  larger  bronchi,  which  possess 
distinct  cartilages,  two  sets  of  lymphatics  are  present.  They  are 
so  arranged  that  they  enclose  the  cartilages  and  are  connected 
with  each  other  by  anastomosing  vessels  which  pass  between  the 
cartilages.  The  smaller  bronchi  and  the  subsequent  divisions  of 
the  bronchial  tree  have  only  a  single  plexus  of  lymphatics  (Fig. 
66).  This  plexus  becomes  more  and  more  reduced  in  size  and  com¬ 
plexity  until  it  finally  terminates  at  the  distal  end  of  the  ductuli 
alveolares  in  two  small  vessels,  which  join  the  lymphatics  that 
accompany  the  radicles  of  the  pulmonary  veins  which  originate 
at  this  point.  Beyond  the  ductuli  alveolares  I  have  not  found  any 


Fig.  67. — Plexus  of  lymphatics  about  a  pul¬ 
monary  vein.  This  particular  vein  was  situ¬ 
ated  in  an  interlobular  septum.  X20. 


lymphatics;  in  other  words,  no  lymphatics  are  present  in  the  walls 
of  the  air  spaces  distal  to  the  ductuli  alveolares  (Fig.  66a). 

Lymphatics  of  the  Pulmonary  Artery.  The  branches  of  the  pul¬ 
monary  artery  are  accompanied  by  two  or  three  main  lymph 
trunks  which  are  so  arranged  that  one  of  them  lies  between  the 
artery  and  its  accompanying  bronchus.  These  main  trunks  are 
connected  by  numerous  loops  and  there  is  thus  formed  a  network 
with  a  very  irregular  mesh.  At  times  it  seems  as  though  the  trunk 
situated  between  the  artery  and  bronchus  is  common  to  the  plexus 
about  each  (Fig.  66).  The  smaller  divisions  of  the  artery  are  fre¬ 
quently  accompanied  by  only  a  single  lymphatic.  The  bronchial 
lymphatics  and  the  arterial  lymphatics  are  in  communication  with 
each  other  at  the  place  where  division  of  the  bronchi  occurs  and 
at  the  distal  end  of  the  ductuli  alveolares  although,  as  stated  above, 
communications  may  occur  in  other  situations. 

Lymphatics  of  the  Pulmonary  Veins.  The  pulmonary  artery 
enters  the  lung  at  the  hilum;  the  pulmonary  veins  emerge  from 
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the  lung  at  the  hilum.  We  must,  therefore,  trace  the  lymphatics 
from  the  points  of  origin  of  the  pulmonary  veins.  As  has  been 
pointed  out  in  Chapter  V,  the  pulmonary  veins  arise  from  the 
pleura,  from  the  walls  of  the  sacculi  alveolares,  from  the  distal 
end  of  the  ductuli  alveolares,  and  from  the  place  where  bronchi 
divide.  Lymphatics  are  associated  with  the  veins  from  all  of  these 
points  of  origin  except  those  veins  which  arise  from  the  walls  of 
the  sacculi  alveolares.  Since  no  lymphatics  are  present  in  the  walls 
of  the  sacculi  alveolares,  there  are  no  lymphatics  along  the  veins 
which  arise  from  their  walls.  The  smaller  veins  are  accompanied 
by  one  or  two  lymphatics,  but  as  the  veins  increase  in  size  there 
is  gradually  formed  a  network  of  lymphatics  which  has  a  corre¬ 
sponding  increase  in  complexity.  This  is  especially  true  of  those 
veins  which  are  situated  in  the  connective  tissue  septa  (Fig.  67). 
As  will  be  seen  later,  the  network  of  lymphatics  about  the  veins 
in  this  situation  has  still  further  connections.  The  lymphatics 
which  accompany  the  venous  radicles  which  arise  from  the  bron¬ 
chial  tree  join  the  lymphatics  of  the  bronchi.  Those  lymphatics 
which  accompany  the  venous  radicles  which  arise  from  the  pleura 
join  the  plexus  of  lymphatics  in  the  pleura.  At  the  place  where 
the  venous  lymphatics  join  the  pleural  lymphatics,  valves  are 
present,  but  throughout  the  lungs  the  lymphatics  are,  as  a  rule, 
destitute  of  valves. 

Lymphatics  of  the  Pleura.  Sappey  described  the  pleural  lympha¬ 
tics  as  being  arranged  in  the  form  of  irregular  polyhedral  rings 
having  four  or  more  unequal  sides.  My  own  study  of  injected  and 
uninjected  lymphatics  of  the  pleura  confirms  this  statement  (Fig. 
68).  There  is  only  a  single  plexus  of  lymphatics  in  the  pleura, 
though  a  pleural  and  a  subpleural  plexus  have  been  described.  The 
latter,  however,  do  not  exist.  The  large  lymphatics  which  take 
part  in  the  formation  of  the  irregular  polyhedral  rings  mark  out 
the  secondary  lobules.  Within  these  larger  areas  smaller  areas  can 
be  recognized  which  are  marked  out  by  lymphatics  of  lesser  size. 
These  smaller  areas  correspond  to  the  primary  lobules.  Often  still 
smaller  lymphatics  can  be  seen  situated  within  the  smaller  areas, 
and  frequently  a  fringe  of  irregular,  finger-like  projections  is  found 
along  the  smaller  lymphatics.  Some  of  these  are  undoubtedly  due 
to  incomplete  injection  of  the  lymphatics,  while  others  seem  to  be 
blind  points  of  origin.  That  they  are  not  occasioned  by  rupture  of 
the  walls  of  the  lymphatics  is  shown  by  their  having  a  distinct 
boundary  wall.  Valves  are  very  abundant;  but,  as  stated  by  Cruik- 
shank,  the  lymphatics  of  the  pleura  communicate  so  freely  with 
each  other  that  they  readily  fill  with  the  injection  mass.  On  the 
other  hand,  valves  prevent  the  passage  of  any  injection  mass  into 
the  deep  lymphatics  of  the  lung.  The  pleural  lymphatics  unite  and 
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form  a  variable  number  of  trunks  which  drain  into  the  lymph  nodes 
at  the  hilum. 

Cunningham,  in  his  study  of  the  development  of  the  lymphatics 
of  the  lung  in  the  pig,  has  described  lymphatics  which  come  from 
the  pleura  covering  the  diaphragmatic  surface  of  the  inferior  lobes 


Fig.  68. — Lymphatic  plexus  in  the  pleura.  A  detailed 
description  of  this  figure  is  given  in  the  text.  X8. 

and  drain  through  vessels  situated  in  the  ligamentum  pulmonale 
into  abdominal  preaortic  lymph  nodes  and  thence  to  the  thoracic 
duct,  while  the  lymphatics  coming  from  the  anterior  portion  of  the 
inferior  lobes  drain  into  the  group  in  lymph  nodes  at  the  hilum  and 
thence  to  the  thoracic  duct.  Cunningham’s  statement  in  regard  to 
the  lymphatics  passing  through  the  ligamentum  pulmonale  may 
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be  true  for  the  pig,  but  I  fail  to  substantiate  it  in  man.  While  the 
lymphatics  of  the  pleura  have  been  described  by  every  investigator 
who  has  studied  the  lymphatics  of  the  lung,  there  has  been  much 
confusion  in  regard  to  their  relationship  to  the  deep  lymphatics  of 
the  lung.  This  has  been  due  in  a  large  measure  to  the  fact  that  no 
distinction  has  been  made  between  lungs  which  have  a  thick  pleura, 
with  well  marked  connective  tissue  septa,  and  those  which  have  a 
thin  pleura,  with  no  connective  tissue  septa.  Then  again  no  dis¬ 
tinction  has  been  made  between  primary  lobules  and  secondary 
lobules. 

Lymphatics  of  the  Interlobular  Septa.  Sappey  was  the  first  to 
describe  these  lymphatics  with  any  degree  of  accuracy,  and  al¬ 
though  Councilman  mentions  them,  he  does  not  give  any  detailed 
description  of  them,  nor  does  he  associate  them  with  the  branches 
of  the  pulmonary  vein  which  arise  in  the  pleura  and  pass  along 
these  septa.  Cunningham  says:  “He  (Miller)  cites  Councilman’s 
description  of  the  interlobular  vessels,  but  does  not  claim  to  have 
found  these  same  vessels.”  At  that  time  (1902)  I  described  the  lym¬ 
phatics  as  found  in  the  dog’ slung.  As  this  animal  has  a  thin  pleura  and 
consequently  no  interlobular  septa,  I  could  not  describe  that  which 
did  not  exist.  On  the  other  hand,  I  did  describe  homologous  vessels 
about  the  veins  on  the  periphery  of  the  primary  lobules,  and,  as 
the  secondary  lobules  are  made  up  of  primary  lobules,  the  in¬ 
ference  is  that  they  would  be  found  about  corresponding  veins  on 
the  periphery  of  the  secondary  lobules.  After  studying  the  lym¬ 
phatics  of  the  human  lung,  I  demonstrated  these  special  lym¬ 
phatics  at  the  meeting  of  the  Association  of  American  Anatomists 
in  1908  and  showed  that  they  were  associated  with  the  pulmonary 
vein  and  that  there  was  a  rich  network  of  lymphatics  extending 
from  the  plexus  which  surrounds  the  veins  into  the  septa  and  that 
collectively  they  formed  a  cordon  around  the  secondary  lobules. 
In  an  address  before  the  American  Roentgen  Ray  Society  in  1916, 
the  year  before  Cunningham’s  paper  appeared,  I  confirmed  the 
statement  of  Councilman  and  gave  additional  facts.  Flint  also 
found  lymphatics  on  the  periphery  of  his  secondary  lobules.  We 
have,  then,  the  presence  of  lymphatics  in  the  interlobular  septa 
established  by  the  embryological  investigations  of  Flint  and  of 
Cunningham  and  by  Sappey’s  and  Councilman’s  investigations 
of  adult  lungs.  In  lungs  destitute  of  interlobular  septa  they  will 
not  be  found. 

In  Figure  67  there  is  illustrated  the  plexus  of  lymphatics  about 
one  of  the  branches  of  the  pulmonary  vein  which  is  situated  in  an 
interlobular  septum,  and  in  Figure  69  a  portion  of  the  cordon  of 
lymphatics  in  an  interlobular  septum.  The  latter  figure  shows  how 
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the  lattice-like  network  of  lymphatics  extends  between  a  large 
vein  on  the  left  and  a  smaller  vein  on  the  right.  The  small  thick- 
walled  vessel  about  midway  between  the  veins  is  a  branch  of  the 
bronchial  artery. 

An  Enumeration  of  the  Valves.  Up  to  the  present  time  I  am  not 
aware  of  a  systematic  enumeration  of  the  lymphatics  within  the 
lung;  the  only  paper  bearing  on  the  subject  with  which  I  am  ac¬ 
quainted  is  that  of  Kampmeier,  who  made  a  study  of  the  early 
development  of  the  lymphatics  and  their  valves  in  the  human 
lung,  the  main  facts  of  which  are  contained  in  the  following  ab¬ 
stract  : 


Fig.  69. — Plexus  of  lymphatics  in  an  interlobular  septum.  This 
illustration  is  described  in  detail  in  the  text.  Xl5. 


In  a  2.2  months  fetus  the  lymphatics  were  just  beginning  to  invade  the 
lung.  No  lymphatics  were  within  the  lung  or  at  its  periphery. 

In  a  2.5  months  fetus  the  lymphatics  have  noticeably  invaded  the  lung. 
No  valves  present. 

In  a  3.5  months  fetus  valves  were  found  in  the  pulmonary  lymphatics, 
especially  at  the  hilum.  All  point  towards  the  hilum.  No  valves  were 
found  beyond  the  area  indicated,  although  at  this  period  the  lymphatics 
have  spread  themselves  throughout  the  lung  and  have  begun  to  invade 
the  pleura.  All  the  valves  point  towards  the  hilum. 

In  a  3.7  months  fetus  valves  were  present  in  the  pleura,  especially  in 
the  impressio  cardiaca.  In  the  septa  beneath  the  pleura  the  valves  point 
towards  the  pleura.  On  the  lateral  surface  the  majority  of  the  valves  point 
towards  the  pleura;  but  occasionally  a  valve  was  found,  especially  near 
the  sharp  border  of  the  lung,  which  pointed  inward.  From  a  block  2  mm. 
thick,  134  sections  15yu  thick  were  cut  serially,  and  45  valves  on  the  medial 
side,  23  on  the  lateral  side,  and  only  a  doubtful  one  on  the  dorsal  (?) 
lobe,  were  found. 

In  three  blocks,  1  cm.  long  by  2  mm.  wide,  taken  from  the  lung  of  a 
new-born  child,  one  from  the  dorsal  side  near  the  apex,  the  second  from 
the  mediastinal  side  near  the  heart,  and  the  third  from  the  diaphragmatic 
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side,  31  valves  on  the  mediastinal  side,  13  valves  on  the  diaphragmatic 
side,  and  none  at  the  apex  were  found. 


Kampmeier’s  study  ended  with  the  new-born  child.  In  the  follow¬ 
ing  tabulation  there  will  be  found  the  results  of  an  enumeration 
and  the  location  of  the  valves,  in  such  series  as  I  have,  in  the  lung 
of  a  nine-week-old  child.  Judging  from  his  Figure  3,  Kampmeier 
used  the  right  lung,  while,  due  to  the  fact  that  the  right  lung  was 
not  preserved,  I  have  been  obliged  to  use  the  left  lung.  Therefore, 


MEDIAL 


Fig.  70. — Diagrammatic  outline  showing  the  location  of  the 
various  blocks  used  in  the  following  series. 


a  direct  comparison  between  the  two  studies  cannot  be  made. 
Series  were  cut  from  all  parts  of  the  lung.  Their  position  and 
number  is  indicated  in  Figure  70. 


Table  I 


Series 


Location 


323 

328 

333 

352 

828 

840 

841 
893 
898 

900 

901 


Deep  within  the  upper  left  lobe.  No  pleura. 
Anterior  margin,  upper  left  lobe. 

Anterior  surface,  upper  left  lobe. 

Inferior  margin,  lower  left  lobe. 

Through  hilum  and  incisura  interlobaris. 
Through  hilum  and  incisura  interlobaris. 
Through  the  lingula  of  the  upper  left  lobe. 
Just  below  the  apex  of  the  upper  left  lobe. 
Apex  of  the  upper  left  lobe. 

Costal  and  diaphragmatic  surface,  lower  lobe. 
Costal  and  diaphragmatic  surface,  lower  lobe. 
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Table  II 


Series 

Number 

Number  of 
Sections 

Thickness 
in  Micra 

Thickness 
of  Block 

Number  of 
Valves 

323 

60 

10 

600 

1 

328 

45 

10 

450 

5 

333 

375 

10 

3750 

53 

352 

245 

10 

2450 

54 

828 

200 

40 

8000 

477 

840 

200 

40 

8000 

181 

841 

250 

40 

10000 

112 

893 

278 

15 

4170 

44 

898 

100 

10 

1000 

8 

900 

100 

40 

4000 

32 

901 

50 

40 

2000 

26 

Total 

1903 

44420 

993* 

Table  III 

In  the  following  tables  the  location  and  the  number  of  valves  in  the  various 

series  are  given. 

For  the  amount  of  tissue  sectioned  in  each  series  see  Table  II. 

Costal  Pleura 


Upper  Lobe 


Lower  Lobe 


Series 

Number 

Series 

Number 

Number 

Valves 

Number 

Valves 

328 

1 

352 

17 

333 

20 

828 

32 

828 

15 

840 

3 

840 

9 

900 

18 

841 

74 

901 

20 

893 

29 

898 

3 

Total 

151 

Total 

90 

Table  IV 

Mediastinal  Pleura 

Upper  Lobe 

Lower  Lobe 

Series 

Number 

Series 

Number 

Number 

Valves 

Number 

Valves 

328 

1 

828 

28 

333 

17 

840 

2 

828 

1 

840 

3 

Total 

22 

Total 

30 

*  The  number  of  valves  was  rechecked  three  times  with  the  result  that  31  doubt¬ 
ful  valves  were  eliminated  from  a  total  count  of  1024,  leaving  993.  Nearly  all  doubt¬ 
ful  valves  were  found  in  paraffin  sections. 
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Table  V 

Incisural  Pleura 


Upper  Lobe  Lower  Lobe 


Series 

Number 

Series 

Number 

Number 

Valves 

Number 

Valves 

828 

47 

828 

30 

840 

19 

840 

6 

841 

5 

Total 

71 

Total 

36 

Table  VI 

Impressio 

Cardiaca 

Diaphragmatic  Pleura 

Series 

Number 

Series 

Number 

Number 

Valves 

Number 

Valves 

841 

15 

352 

9 

900 

8 

901 

2 

Total 

15 

Total 

19 

In  Septum 

Table  VII 

towards  Costal  Pleura 

LTpper  Lobe 

Lower  Lobe 

Series 

Number 

Series 

Number 

Number 

Valves 

Number 

Valves 

328 

1 

352 

4 

333 

6 

828 

3 

828 

3 

840 

1 

840 

1 

900 

3 

841 

8 

901 

4 

893 

12 

898 

1 

Total 

32 

Total 

15 

Table  VIII 

In  Septum  towards  Mediastinal  Pleura 

Upp 

er  Lobe 

Lower 

Lobe 

Series 

Number 

Series 

Number 

Number 

Valves 

Number 

Valves 

328 

1 

828 

12 

333 

9 

Total 

10 

Total 

12 
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Table  IX 

In  Septum  towards  Incisural  Pleura 


Upper  Lobe 

Lower  Lobe 

Series 

Number 

Series 

Number 

Number 

Valves 

Number 

Valves 

828 

4 

828 

4 

841 

4 

840 

2 

Total 

8 

Total 

r* 

0 

Table  X 

In  Septum  towards 

Hilum 

Upper  Lobe 

Lower  Lobe 

Series 

Number 

Series 

Number 

Number 

Valves 

Number 

Valves 

828 

8 

828 

13 

840 

3 

840 

3 

Total 

11 

Total 

16 

Table  XI 

In  Septum  towards  Impressio  Cardiaca 

Series 

Number 

Number 

Valves 

841 

3 

Total  3 

Table  XII 

In  Septum  towards  Diaphragmatic  Pleura 

Series 

Number 

Number 

Valves 

352 

12 

Total  12 

Table  XI 11 

Number  of  Valves  about  Apex 

This  table  includes  pleura  and  septa  only. 

Series 

Number  of  Thickness  of 

Number  of 

Number 

Sections 

Sections 

Valves 

328 

45 

10 

4 

893 

278 

15 

41 

898 

100 

10 

4 

Total  49 
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Table  XIV 


In  Lymphatics  about  Pulmonary  Vein 

Upper  Lobe 

Lower 

Lobe 

Series 

Number 

Series 

Number 

Number  Valves 

Number 

Valves 

323 

1 

352 

11 

828 

7 

828 

14 

840 

2 

840 

3 

893 

1 

898 

2 

Total 

13 

Total 

28 

Table  XV 

In  Lymphatics 

about  Pulmonary  Artery 

Upper  Lobe 

Lower 

Lobe 

Series 

Number 

Series 

Number 

Number  Valves 

Number 

Valves 

828 

12 

352 

1 

840 

6 

828 

12 

893 

2 

840 

3 

898 

2 

900 

3 

900 

1 

Total 

23 

Total 

19 

Table  XVI 

In  Lymphatics  about  Bronchus 

Upper  Lobe 

Lower  Lobe 

Series 

Number 

Series 

Number 

Number  Valves 

Number 

Valves 

333 

1 

828 

34 

828 

27 

840 

14 

840 

12 

841 

1 

Total 

41 

Total 

48 

Table  XVII 

In  Septum  towards  Bronchus 


Upper  Lobe 

Lower  Lobe 

Series  Number 

Series 

Number 

Number  Valves 

Number 

Valves 

840  1 

828 

1 

Total 


1 


Total 


1 
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Table  XVIII 

In  Septum  towards  Pulmonary  Vein 


Upper  Lobe  Lower  Lobe 


Series 

Number 

Series 

Number 

Number 

Valves 

Number 

Valves 

328 

1 

828 

2 

828 

1 

840 

1 

840 

1 

Total 

3 

Total 

3 

Table  XIX 

In  Lymphatic  between  Pulmonary  Artery  and 

Bronchus 

Upper  Lobe 

Lower  Lobe 

Series 

Number 

Series 

Number 

Number 

Valves 

Number 

Valves 

828 

4 

828 

5 

840 

1 

840 

3 

841 

2 

Total 

7 

T  otal 

8 

Table  XX 

In  Mediastinal  Connective  Tissue 


Series  Number 
828 
840 


Number  Valves 
152 
79 

Total  231 


Table  XXI 

In  Capsule  of  Lymph  Node 


Series  Number 

Number  Valves 

828 

6 

840 

2 

Total 

8 

Table  XXII 

Distribution  and  Number  of  Sections 


Upper  Lobe .  1508 

Lower  Lobe .  795 

Upper  Lobe-incisura .  450 

Lower  Lobe-incisura .  200 

Upper  Lobe-mediastinum .  22 

Lower  Lobe-mediastinum .  30 
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Table  XXIII 

Number  of  Valves  in  Various  Divisions  of  Pleura 


Costal .  241 

Mediastinal .  52 

Diaphragmatic .  19 

Incisura  interlobaris .  107 

Impressio  cardiaca .  15 


Table  XXIV 

Pleural  Distribution  of  the  Valves  in  the  Lobes 


Upper  costal .  151 

Lower  costal .  90 

Upper  incisural .  71 

Lower  incisural .  36 

tapper  mediastinal .  22 

Lower  mediastinal .  30 

LTpper  impressio  cardiaca .  15 

Lower  diaphragmatic .  19 


Table  XXV 

Total  Number  of  Valves  in  the  Lobes 


Upper  Lobe .  411 

Lower  Lobe .  343 


If  the  pleura  covering  the  impressio  cardiaca  be  considered,  as 
it  is  by  some,  as  mediastinal  pleura,  then  there  must  be  added  to 
the  74  valves  already  enumerated  as  being  present  in  the  pleura 
and  adjacent  septa  belonging  to  the  mediastinal  pleura,  the  34 
valves  in  the  pleura  (Table  VI)  and  the  3  valves  in  the  septa 
(Table  X)  classified  as  belonging  to  the  impressio  cardiaca,  making, 
in  all,  111  valves  in  the  mediastinal  pleura  and  the  septa  connected 
with  it. 

Mediastinal  connective  tissue — -what  is  meant  by  the  term? 

Below  the  hilum  of  the  lung  the  two  layers  of  the  pleura  which 
invest  it  approach  each  other  and  extend  downward  and  back¬ 
ward  as  a  distinct  fold,  forming  the  ligamentum  pulmonale.  This 
fold  extends  between  the  lung,  the  pericardium,  esophagus,  and 
aorta.  Between  the  two  layers  of  the  pleura,  bands  of  collagenous 
fibers,  reticulum,  and  elastic  fibers  are  found.  It  is  this  layer  of 
connective  tissue,  situated  between  the  folds  of  the  pleura  and 
covering  with  a  thick  layer  the  adjacent  lobes  of  the  lung,  that  I 
have  designated  mediastinal  connective  tissue  (Fig.  71). 
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Anatomical  texts  have  very  little  to  say  regarding  the  ligamen- 
tum  pulmonale.  The  only  mention  that  I  have  found  of  its  histo¬ 
logical  structure  is  contained  in  a  few  lines  by  W.  Schulze. 

The  term  “mediastinal  connective  tissue”  is  not  altogether  satis¬ 
factory,  but  I  shall  continue  its  use  until  a  better  one  is  found. 


When  the  lung  of  the  nine-week-old  child  is  compared  with  that 
of  the  new-born  child,  as  described  by  Kampmeier,  it  is  found  that 
an  important  change  has  taken  place.  The  lymphatics  are  now 
present  throughout  the  lung  and  pleura,  and  more  valves  are 
present.  It  is  not,  however,  possible  to  make  a  direct  comparison 


Fig.  71. — Transverse  section  through  the  ligamentum  pul¬ 
monale  from  the  lung  of  a  child  two  months  old.  Included  in  the 
section  are  the  esophagus  and  the  upper  and  lower  right  lobes  of 
the  lung.  Xl5. 

on  account  of  the  difference  in  the  materials  used.  In  only  two 
instances  can  anything  comparable  to  a  comparison  be  made:  at 
the  apex  of  the  lung  and  in  the  diaphragmatic  region. 

According  to  Fishberg,  Tendeloo  states  that  there  is  a  defective 
lymph  circulation  at  the  apex  of  the  lung,  and  Bartels  says  there  is 
a  well-known  defective  development  of  the  pulmonary  lymphatic 
system  at  the  apex  of  the  lung.  These  statements  do  not  coincide 
with  my  own  studies  as  shown  in  various  reconstructions  from  the 
lung  of  the  child  and  the  adult. 

Kampmeier  found  no  valves  in  the  apex  of  the  lung  of  the  new¬ 
born  child.  This  seems  strange  when  the  number  in  the  apex  of  the 
left  lung  of  the  nine-week-old  child  is  considered.  Three  series, 
Series  328,  893  and  898,  were  cut  from  this  region.  The  location 
of  these  is  given  in  Table  I  and  is  indicated  in  the  outline  sketch 
(Fig.  70).  The  number  of  sections,  the  thickness  of  the  blocks  and 
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Fig.  72. — Reconstruction  of  lymphatics  in  the  pleura  in  which  the 
course  of  the  lymph  flow  is  indicated  by  a  series  of  arrows  placed  di¬ 
rect^  o\Ter  the  valves.  X33. 


Fig.  73. — Same  reconstruction  as  Figure  72  with  the  surface  re¬ 
moved  over  two  of  the  valves,  showing  the  direction  in  which  they 
point  and  thus  indicating  the  direction  of  the  lymph  flow.  X33. 
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the  number  of  valves  is  given  in  Table  II.  The  blocks  used  by  Kamp- 
meier  measured  10  mm.  from  side  to  side  and  2  mm.  in  thickness. 
Series  328  measured  6.5  mm.  from  side  to  side  and  was  450 n  thick; 
although  it  was  a  short  series  and  less  than  one-fourth  the  thickness 
of  Kampmeier’s  block,  it  contained  4  valves  in  the  pleura  and 
septa.  Series  893  was  cut  at  the  same  thickness  and  from  approxi- 


Fig.  74. — Semi-diagrammatic  tracing  of  the  lym¬ 
phatics  at  the  apex  of  the  human  lung.  Pulmonary 
vein  in  solid  black.  L1,  L2,  lymphatics.  L1  runs 
lengthwise  along  the  apex;  L2  extends  across  the  apex 
of  the  lung  from  the  costal  to  the  mediastinal  surface. 

1,  2  and  3  indicate  the  various  positions  in  which 
valves  may  be  found.  Full  description  in  the  text. 

mately  the  same  region  in  the  left  lung  as  the  block  used  by  Kamp- 
meier  from  the  right  lung;  but,  while  his  block  was  2  mm.  thick, 
the  thickness  of  the  block  used  for  Series  893  was  4.17  mm.  and 
contained  41  valves  in  the  pleura  and  septa,  while  Kampmeier 
found  no  valves  in  his  series.  Block  898,  also  cut  at  10 n,  was  one 
millimeter  in  thickness  and  contained  four  valves  in  the  pleura  and 
septa. 

Kampmeier  found  13  valves  in  a  block  of  tissue  2  mm.  thick, 
adjacent  to  the  diaphragm,  in  a  new-born  child.  From  Table  II 
we  found  that,  in  the  nine-week-old  child,  the  thickness  of  the 


THE  LYMPHATICS 


105 


Fig.  75. — Section  through  the  lymphatics  at  the  hilum  of  the 
lung.  At  the  upper  right  of  the  photograph,  a  section  of  the  pul¬ 
monary  vein.  At  the  lower  left  corner,  a  fragment  of  a  bronchus 
with  a  small  plate  of  cartilage.  Note  the  position  of  the  valves  in 
the  two  lymphatics.  In  both  instances  they  point  towards  the 
hilum.  The  smaller  lymphatic,  which  is  situated  between  the  pul¬ 
monary  vein  and  the  parenchyma  of  the  lung,  at  a  higher  level 
joined  the  larger  lymphatic  which  is  situated  between  the  pulmo¬ 
nary  vein  and  the  bronchus.  XlOO. 

blocks  which  include  the  diaphragmatic  pleura,  Series  352,  900, 
901,  amounts  to  8.45  mm.;  the  number  of  the  sections  is  395. 
Series  352  was  cut  at  10 n,  but  Series  900  and  901  were  cut  at  40^. 
Table  VI  gives  the  total  number  of  valves  in  the  diaphragmatic 
pleura  as  19,  and  Table  XII  the  number  of  valves  in  the  septa 
towards  the  diaphragmatic  pleura  as  12;  this  makes  the  total 
number  of  valves  found  in  the  diaphragmatic  region,  corresponding 
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Fig.  76. — Section  through  a  septum 
between  two  secondary  lobules.  Trans¬ 
verse  section  of  branches  of  the  pul¬ 
monary  vein  can  be  seen  situated  along 
the  course  of  the  septum.  At  the  right 
of  the  section  of  the  more  deeply  situ¬ 
ated  pulmonary  vein  a  section  of  a 
valve  situated  in  the  widely  dilated 
lymphatic  can  be  seen.  It  points 
(opens)  outward,  that  is,  toward  the 
pleura.  This  valve  is  situated  1.8  mm. 
beneath  the  inner  margin  of  the 
pleura.  X40. 


to  the  area  described  by  Kamp- 
meier,  31.  The  amount  of  tissue 
sectioned  by  Kampmeier  was  2 
mm.,  while  that  used  in  the  three 
series  352,  900  and  901  amounts 
to  8.45  mm.;  in  other  words,  in 
the  combined  block  of  tissue  four 
times  as  thick  as  that  used  by 
Kampmeier,  there  were  propor¬ 
tionately  fewer  valves. 

Kampmeier  has  described  and 
illustrated  a  valve  situated  near 
the  sharp  border  of  the  lung  and 
pointing  inward.  To  me  this  is 
an  exceedingly  doubtful  case. 
The  illustration  gives  the  im¬ 
pression  of  a  section  through  a 
lymphatic  which,  as  is  often  the 
case,  is  dividing  into  two  branch¬ 
es  as  it  approaches  the  pleura. 
Still,  a  study  of  the  serial  sec¬ 
tions  might  show  that,  after  all, 
it  was  a  valve. 

I  found  several  valves  which 
apparently  pointed  inward,  but 
by  following  out  the  serial  sec¬ 
tions  it  was  found  that  the  lym¬ 
phatic  joined  another  a  few  sec¬ 
tions  further  on  and  the  lymph 
flow  was  not  into  the  lung.  In 
one  instance  a  reconstruction 
was  made  in  order  to  make  clear 
the  course  of  the  lymphatic.  Fig¬ 
ure  72  is  a  photograph  of  the  re¬ 
construction  in  which  the  course 
of  the  lymph  flow  is  indicated 
by  arrows  placed  directly  over 
the  valves  and  pointing  in  the 
direction  of  the  lymph  flow. 
Figure  73  is  a  drawing  of  the  re¬ 
construction  with  the  surface 


removed  over  two  of  the  valves. 
If  the  structure  of  the  lung  at  any  of  its  sharp  borders  be  studied, 
it  will  be  found  that,  at  just  such  a  point  as  Kampmeier  figures  a 
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valve,  a  septum  extends  from  one  surface  of  the  lung  to  the  other 
and  that  a  lymphatic  extends  along  this  septum,  joining  the  two 
pleural  networks  of  lymphatics  with  each  other. 

In  a  lymphatic  passing  through  a  septum  of  this  type,  a  valve 
may  occupy  one  of  three  positions.  It  may  be  close  to  the  costal 
surface  and  apparently  point  inward;  it  may  be  on  the  opposite 
side  near  the  junction  of  the  two  lymphatics  and  point  away  from 
the  costal  surface;  it  may  be  in  the  lymphatic  of  the  opposite  side 


Fig.  77. — Section  showing  the  presence  of  a  valve  at  the  point  where  a  lym¬ 
phatic  situated  in  a  septum  joins  one  situated  within  the  pleura.  The  valve 
points  (opens)  towards  the  pleura.  Further  on  at  the  left  another  valve  can  be 
seen  situated  within  the  pleural  lymphatic.  XlOO. 


and  point  towards  the  hilum,  the  connecting  lymphatic  containing 
no  valve.  Whatever  the  position  of  the  valve,  the  flow  is  through 
the  lymphatic  from  the  costal  side  towards  the  opposite  side  and 
on  towards  the  hilum  (Fig.  74). 

Kampmeier  has  shown  that  there  is  a  gradual  extension  of  the 
lymphatics  into  the  lung  from  2.2  months  of  fetal  life  to  the 
new-born  child,  and  that  there  is  a  proportional  increase  in  the 
number  of  valves.  It  is  not  improbable  that  in  the  nine-week-old 
child  new  valves  have  developed  coincident  with  the  increased 
functional  activity  of  the  lung,  for  example,  at  the  apex  of  the  lung, 


108 


THE  LUNG 


and  that  expansion  of  the  lung  may  account  for  the  difference,  for 
example,  in  the  diaphragmatic  pleura. 

Direction  of  the  Lymph  Flow.  The  direction  of  the  lymph  flow 
is  a  matter  of  very  real  importance  to  the  physiologist,  to  the 
clinician  and  to  the  worker  in  experimental  medicine.  It  is  not 
possible  at  the  present  time  to  describe  the  lymph  circulation  in 
the  lung  as  definitely  as  the  blood  circulation. 


Fig.  77a. — A  valve  situated  at  the  entrance  of  a  lymphatic  in  a  septum  into 
one  in  the  pleura.  The  valve  opens  (points)  towards  the  pleura.  Human  lung. 

xioo. 


In  the  early  stages  of  the  development  of  the  lymphatics  of  the 
lung  and  pleura  there  are  no  valves  present.  Later  valves  are  devel¬ 
oped  in  the  lymphatics  about  the  hilum,  in  the  pleural  network  and 
at  the  point  of  junction  of  the  deep  lymphatics  with  the  superficial 
(pleural)  lymphatics.  Within  the  lung  but  few  valves  are  found. 

Valves  permit  the  flow,  he  it  blood  or  lymph ,  in  only  one  direction . 
The  ancient  idea  that  there  was  an  ebb  and  flow  of  the  blood,  and 
that  the  presence  of  valves  prevented  the  too  rapid  flow  of  blood 
towards  the  periphery  of  the  body,  is  interesting  historically;  the 
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Fig.  78. — From  a  section  taken  parallel  to,  and  including,  the  pleura  of  the 
lung  of  a  dog.  Thickness  of  section  100  micra.  The  lymph  vessels  are  fully  dis¬ 
tended.  L.V.,  lymph  vessel.  P.A.,  pulmonary  artery,  situated  beneath  the 
pleura.  A  radicle  can  be  seen  arising  from  the  artery  and  giving  origin  to 
the  network  of  vessels  about  the  lymphatics.  X50. 
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true  function  of  valves,  however,  as  expounded  by  Harvey,  re¬ 
mains  unshaken.  There  is  no  ebb  and  flow  of  the  lymph,  as  stated 
by  Tendeloo,  any  more  than  there  is  an  ebb  and  flow  of  the  blood. 

Which  way  do  the  valves  in 
the  lymphatics  of  the  lung 
point,  or  open;  what  purpose 
do  they  serve,  and  how  do 
they  indicate  the  course  of 
lymph  flow  within  the  lung? 

Apparently  the  flow  in  the 
bronchial  and  arterial  lym¬ 
phatics  is  towards  the  interior 
of  the  lung,  for  there  is  a  con¬ 
stant  drainage  of  lymph  from 
their  combined  network  by 
the  lymphatics  which  arise 
from  it  and  pass  along  the 
venous  radicles  which  arise  at 
the  point  where  the  bronchi 
divide,  and  from  the  distal 
end  of  the  ductuli  alveolares. 
Beyond  the  ductuli  alveolares 
no  lymphatics  are  found.  In 
other  words,  no  lymphatics  are 
present  in  the  walls  of  the  atria 
or  sacculi  alveolares. 

The  lymphatics  which  ac¬ 
company  the  pulmonary  vein 
and  its  branches,  except  in 
the  narrow  zone  described  be¬ 
low,  drain  within  the  lung 
towards  the  hilum  and  are 
provided  with  valves  which 
point  (open)  inward  toward 
the  hilum,  showing  that  the 
lymph  flow  is  from  within  and 
central-ward  (Fig.  75). 

Along  a  narrow  zone,  situ¬ 
ated  just  beneath  the  pleura, 
which  averages  between  two 


Fig.  79. — A  lymphatic  and  its  accom¬ 
panying  blood  vessels  from  the  pleura  of 
the  lung  of  man.  The  lymphatic  is  partly 
collapsed.  The  encircling  network  of 
blood  vessels  is  well  shown.  B.A.,  bron¬ 
chial  artery  and  its  branches.  L.V., 
lymph  vessel.  X50. 


and  three  millimeters  in 
depth,  the  lymphatics  situated  in  the  septa  arising  from  the  pleura 
and  marking  out  the  secondary  lobules,  are  provided  with  valves 
which  point  (open)  outward,  that  is,  toward  the  pleura  (Fig.  76). 
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The  only  communication  between  the  superficial  (pleural) 
lymphatics  and  the  deep  (pulmonary)  lymphatics  takes  place  at 
this  point;  but  the  presence  in  the  pulmonary  lymphatics  of  valves 
which  point  towards  the  pleura  precludes  the  flow  in  the  pleural 
lymphatics  from  entering  the  lung  (Figs.  77,  77a). 

The  lymphatics  form  a  very  abundant  network  within  the 
pleura;  they  are  provided  with  valves  which  open  in  all  directions. 
This  allows  free  circulation  of  the  lymph  within  the  limits  of  the 
pleura.  The  direction  of  the  flow  at  the  sharp  borders  of  the  lung 
has  already  been  described. 

The  pleural  lymphatics  eventually  unite  to  form  main  trunks 
which,  together  with  the  lymphatics  coming  from  the  interior  of 
the  lung  along  the  pulmonary  veins,  enter  the  tracheobronchial 
lymph  nodes. 

Attention  has  already  been  called  to  the  distinction  between 
lungs  with  a  thin  pleura  and  those  with  a  thick  pleura;  also  to  the 
difference  in  the  blood  supply  to  the  pleura.  In  the  dog,  which  has 
a  thin  pleura,  it  is  the  pulmonary  artery  that  supplies  the  pleura; 
while  in  man,  with  a  thick  pleura,  it  is  the  bronchial  artery  that 
supplies  the  pleura. 

The  presence  of  a  network  of  blood  vessels  about  the  pleural 
lymphatics  has  been  overlooked  by  nearly  all  the  investigators. 
Sappey  and  Dogiel  seem  to  be  the  only  modern  investigators  who 
have  previously  recognized  that  the  pleural  lymphatics  are  sur¬ 
rounded  by  a  network  of  blood  vessels. 

In  the  dog  this  network  is  derived  from  the  pulmonary  artery 
(Fig.  78),  while  in  man  it  is  derived  from  the  bronchial  artery 
(Fig.  79). 


Chapter  VII 

PULMONARY  LYMPHOID  TISSUE 

The  distribution  of  lymphoid  tissue  within  the  lung,  the  situa¬ 
tions  in  which  it  is  to  be  sought,  and  the  relation  which  it  bears  to 
the  air  passages,  the  blood  vessels,  the  lymph  vessels  and  the 
pleura,  have  been  passed  over  lightly  in  general  descriptions  of  the 
histology  of  the  lung. 

The  problem  is  of  interest  not  only  to  the  histologist  but  also  to 
the  pathologist,  for  these  masses  of  lymphoid  tissue  frequently 
serve  as  centers  to  which,  by  means  of  the  lymph  vessels,  disease 
processes  may  be  conveyed. 

The  presence  of  lymphoid  tissue  and  even  of  lymph  nodes  in  the 
lung  was  recognized  by  many  of  the  earlier  investigators,  notably 
by  Burdon-Sanderson,  Ruge,  Klein,  Schottelius  and  Franken- 
hauser,  but  was  generally  regarded  as  pathological  or  of  no  special 
significance.  The  investigations  of  Arnold,  however,  established  it 
as  a  constituent  of  the  normal  lung. 

There  are  definite  places  in  which  lymphoid  tissue  is  to  be 
sought,  and  it  has  a  fairly  constant  relation  to  the  various  struc¬ 
tures  which  go  to  make  up  the  framework  of  the  lung.  For  conveni¬ 
ence  of  description,  lymphoid  tissue  may  be  considered: 

1.  In  its  relation  to  the  bronchi. 

2.  In  its  relation  to  the  blood  and  lymph  vessels. 

3.  In  its  relation  to  the  pleura. 

Lymphoid  Tissue  in  its  Relation  to  the  Bronchi.  According  to 
Burdon-Sanderson,  in  the  guinea  pig, 

masses  of  cytogenic  tissue  of  irregular  form  are  always  to  be  found  in  the 
neighborhood  of  the  bronchi.  Those  which  are  in  relation  with  the  smaller 
branches  lie  in  the  loose  connective  tissue,  by  which  these  tubes,  as  well 
as  the  blood  vessels,  are  separated  from  the  air  cells;  while  those  which 
lie  near  bronchi  of  sufficient  size  to  be  possessed  of  cartilages,  are  found 
to  lie  in  a  corresponding  position  outside  of  the  fibrous  layer  in  which 
the  cartilages  are  embedded.  In  every  instance  I  have  found  the  adenoid 
masses  occupying  a  position  between  the  air  tube  and  the  nearest  artery. 

Frankenhauser  made  a  careful  study  of  the  trachea  and  bronchi 
in  a  number  of  animals  and  found  in  the  bronchi  of  them  all, 
including  man,  masses  of  lymphoid  cells,  sometimes  internal, 
sometimes  external  to  the  cartilages.  Lymph  nodes  were  found  in 
the  adventitia  of  the  bronchi,  usually  at  the  place  where  branches 
were  given  off. 
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Arnold  describes  subpleural,  perivascular  and  peribronchial 
masses  of  lymphoid  tissue.  In  the  walls  of  the  bronchi  of  young 
children  he  failed  to  find  in  the  normal  lung  any  masses  of  lym¬ 
phoid  tissue ;  they  were  always  situated  in  the  peribronchial  connec¬ 
tive  tissue.  In  the  walls  of  the  bronchi  of  the  adult  he  also  failed 
to  find  any  distinct  masses  of  lymphoid  tissue. 

Kolliker  found  in  the  walls  of  the  bronchi  of  man  masses  of 
lymphoid  tissue  which  closely  resembled  lymph  follicles.  Similar 
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Fig.  80. — Distribution  of  the  tracheo-bronchial 
lymph  nodes,  according  to  Sukiennikow. 


masses  were  also  found  in  cartilaginous  bronchi  2  to  3  mm.  and 
less  in  diameter,  and  were  in  all  cases  situated  between  the  cartilage 
and  the  tunica  muscularis.  In  non-cartilaginous  bronchi  Kolliker 
failed  to  find  any  collection  of  lymphoid  cells.  On  the  other  hand, 
Stohr  and  Kolliker,  working  on  the  lungs  of  the  dog  and  rabbit, 
found  small  masses  of  lymphoid  tissue  in  bronchi  0.1  to  0.3  mm. 
in  diameter  which  in  some  cases  extended  into  the  mucosa.  In 
the  human  lung  Kolliker  failed  to  find  any  lymphoid  tissue  in  the 
mucosa.  Both  Verson  and  Dolkowsky  have,  however,  described 
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numerous  small  cells  in  the  mucosa  situated  just  beneath  the  epi¬ 
thelium  and,  in  some  cases,  forming  a  distinct  layer. 

Toldt  found  in  the  larger  bronchi  numerous  spherical  cells  scat¬ 
tered  throughout  the  mucosa.  In  the  medium-sized  bronchi  he 
found,  in  normal  lungs,  scattered  groups  of  lymphoid  cells  which 
were  situated  external  to  the  tunica  muscularis. 


Fig.  81. — Transverse  section  of  a  bronchiolus  respiratorius 
from  the  lung  of  the  cat.  B.,  bronchiolus  respiratorius;  A.,  ar¬ 
tery;  L.,  lymphoid  tissue  situated  between  the  artery  and 
bronchiolus.  X200. 

Oppel  has  found  lymphoid  tissue  in  the  bronchi  of  representa¬ 
tives  of  the  vertebrate  phylum  from  monotremes  to  man. 

Sukiennikow  has  described  and  figured  the  lymph  nodes  situated 
along  the  larger  bronchi  of  the  human  lung.  He  found  them  quite 
constant  at  the  place  where  branches  were  given  off.  His  study 
did  not  extend  as  far  as  the  non-cartilaginous  bronchi  (Fig.  80). 

In  my  own  investigations  I  have  used  the  lungs  of  man,  the  cat, 
dog,  rabbit,  guinea  pig  and  rat.  I  have  found  along  the  larger 
bronchi  not  only  scattered  masses  of  lymphoid  tissue  but  also 


PULMONARY  LYMPHOID  TISSUE 


115 


M  S.al.y' 

\s.al  X?  p — 

a 


a 


b>\ 


a 


am 


\~V 


b.r  M—art. 


lymph  follicles  and  nodes.  These  latter  were  generally  situated  at 
the  place  where  branches  were  given  off.  They  did  not,  the  rat 
excepted,  extend  beyond  the  tunica  muscularis. 

In  bronchi  which  have  cartilages  in  their  walls  the  lymphoid 
tissue  may  be  situated 
between  the  cartilage  p 

and  the  tunica  muscu¬ 
laris,  or  outside  of  the 
cartilage  in  the  peri¬ 
bronchial  connective  tis¬ 
sue,  or  in  the  space  be¬ 
tween  two  adjacent  car¬ 
tilages  ;  the  position 
seems  to  depend  on  the 
quantity  of  lymphoid 
tissue  present. 

Klein  found,  “in  small 
bronchi  which  are  devoid 
of  cartilage,  lymph  fol¬ 
licles  .  .  .  ,  extending  not 
only  close  up  to  the  mus¬ 
cular  coat,  but  also  pro¬ 
truding  through  this  lat¬ 
ter  into  the  proper  mu¬ 
cosa,  i.e.,  into  the  layer 
between  the  epithelium 
and  the  muscularis.’ ’ 

My  own  results  do  not 
support  this  statement 
of  Klein.  I  have  failed  to 
find  in  normal  lungs 
along  the  bronchioli 
respiratorii  and  ductuli 
alveolares  (non-carti- 
laginous  bronchi)  of  man 
and  of  all  the  animals 
investigated,  distinct 
lymph  follicles,  but  have 
found  in  each  instance 

small  masses  of  lymphoid  tissue  which  were  situated  outside  the 
tunica  muscularis  between  it  and  the  accompanying  branch  of  the 
pulmonary  artery.  Figure  81  shows  a  section  through  a  bronchiolus 
respiratorius  and  exhibits  the  characteristic  appearance  of  lym¬ 
phoid  tissue  in  this  situation  under  normal  conditions. 


l—l 


Fig.  82. — Schematic  longitudinal  section  of 
a  primary  lobule  of  the  lung,  showing  the  rela¬ 
tion  of  the  blood  vessels  to  the  air  spaces  and 
to  the  pleura,  the  position  of  lymphoid  tissue 
and  its  relation  to  the  air  spaces,  blood  vessels, 
lymphatics  and  pleura.  Art.,  pulmonary  artery; 
v.,  pulmonary  vein;  1.,  lymphatics.  The  posi¬ 
tion  of  lymphoid  tissue  stippled  in  black.  The 
lymphatics  of  the  bronchial  system  and  those 
of  the  artery  are  not  indicated,  b.r.,  bronchiolus 
respiratorius  which  divides  into  two  ductuli 
alveolares,  d.al.,  only  one  of  which  is  carried 
out  in  detail;  a. a. a.,  three  atria,  each  of  which 
communicates  with  sacculi  alveolares,  s.al., 
around  the  periphery  of  which  are  situated 
the  alveoli  pulmonum,  a.p.;  p.,  pleura  pul- 
monalis. 
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Lymphoid  Tissue  in  its  Relation  to  the  Blood  and  Lymph  Ves¬ 
sels.  For  a  complete  understanding  of  the  relation  of  lymphoid 
tissue  to  the  pulmonary  artery  and  vein,  it  will  be  necessary  to 
outline  for  a  second  time  the  distribution  of  both  the  blood  and 
lymph  vessels,  because  lymphoid  tissue  is  intimately  associated 
with  the  lymph  vessels,  and  the  lymph  vessels  accompany  the 
blood  vessels. 


Fig.  83.- — -Combination  of  three  sections  taken  through  the  center  of  a 
primary  lobule  of  the  lung  of  a  dog.  D.A.,  ductulus  alveolaris;  A. A. A.,  atria; 
A.S.,  A.S.,  A.S.,  sacculi  alveolares;  C.,  alveolus  pulmonis.  The  tunica  muscu- 
laris  of  the  ductulus  alveolaris  is  indicated  by  the  broken  lines.  The  pulmonary 
artery  is  indicated  by  the  vessel  with  a  stellate  opening;  the  pulmonary  veins 
are  in  solid  black.  Note  the  two  veins  which  arise  from  the  ductulus  alveolaris; 
they  correspond  to  (2),  in  Fig.  27.  Camera  lucida  drawing.  X80. 

The  pulmonary  artery  follows  the  bronchus  in  all  of  its  subdivi¬ 
sions,  dividing  as  it  divides,  and  ultimately  comes  to  occupy  a 
central  position  in  the  primary  lobule  of  the  lung  (Fig.  82).  Each 
has  its  system  of  lymph  vessels  which  are  in  communication  at  the 
place  where  the  bronchus  divides  and  at  the  distal  end  of  the 
ductulus  alveolaris. 

The  branches  of  the  pulmonary  vein,  on  the  other  hand,  are 
situated  on  the  periphery  of  the  primary  lobule.  In  Figure  82 
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Fig.  84. — Transverse  section  through  a  ductulus  alveolaris  from  the 
lung  of  a  cat.  The  small  mass  of  lymphoid  tissue  is  seen  lying  between 
the  artery  and  the  air  spaces.  The  larger  air  space  just  above  the  artery 
is  a  portion  of  an  atrium.  X200. 

venous  radicles  take  their  origin  from  the  distal  end  of  the  ductulus 
alveolaris  and  consequently  come  to  lie  within  the  primary  lobule. 
There  are  two  of  these  veins,  one  on  either  side  (Fig.  83),  and  they 
carry  off  the  last  remnant  of  the  blood  which  is  brought  to  the 
bronchus  by  the  bronchial  artery.  All  along  the  course  of  the 


only  one  vein  is  shown,  but  there  are  always  several  of  these  veins 
arranged  about  the  primary  lobule  as  is  shown  in  a  transverse 
section  of  the  lobule  (Fig.  83). 

There  is  an  important  exception  to  the  peripheral  situation  of 
the  pulmonary  vein;  this  is  indicated  in  Figures  82  and  83.  These 
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bronchi,  wherever  a  branch  is  given  off,  venous  radicles  take  their 
origin.  These  radicles  join  one  of  the  pulmonary  veins  (Fig.  82). 
Like  those  within  the  primary  lobule,  they  serve  to  carry  blood 
from  the  bronchial  to  the  pulmonary  circulation. 

The  pulmonary  veins,  like  the  pulmonary  artery,  have  a  system 
of  lymph  vessels.  They  are  in  communication  with  the  bronchial 
system  at  the  place  where  the  bronchus  divides  and  at  the  distal 

end  of  the  ductulus  alveo¬ 
laris  where  the  bronchial 
system  of  lymph  vessels 
terminates  (Fig.  82). 

When  lymphoid  tissue  is 
present  along  the  course  of 
the  pulmonary  artery  it  is 
situated  between  the  artery 
and  the  adjoining  air  spaces 
rather  than  between  the 
artery  and  bronchus,  as  is 
the  case  with  bronchial 
lymphoid  tissue.  The 
lymphoid  tissue  may  ex¬ 
tend  for  some  distance 
along  the  artery,  but  the 
sheath-like  arrangement 
described  by  some  authors 
is  not  to  be  considered  a 
normal  arrangement.  Fig¬ 
ure  84  is  from  a  section 
taken  through  a  ductulus 
alveolaris  and  shows 
lymphoid  tissue  lying  be¬ 
tween  the  artery  and  the 


Fig.  85. — Section  from  the  lung  of  a  cat 
showing  the  junction  of  one  of  the  small 
veins  taking  its  origin  from  the  distal  end  of 
a  ductulus  alveolaris  (Fig.  83)  with  one  of 
the  main  branches  of  the  pulmonary  vein 
situated  on  the  periphery  of  a  primary  lob¬ 
ule.  X400. 


adjoining  air  spaces,  which 
in  this  instance  are  portions  of  atria.  Only  exceptionally  have  I 
seen  lymph  follicles  along  the  course  of  the  arterial  lymph  vessels. 
In  the  normal  human  lung  I  have  failed  to  find  them. 

The  presence  of  lymphoid  tissue  along  the  course  of  the  pulmo¬ 
nary  artery  has  been  noted  by  nearly  all  who  have  studied  its 
distribution  in  the  lung;  but  the  presence  of  lymphoid  tissue  along 
the  course  of  the  pulmonary  veins  was  not  recognized  until  much 
later. 

If  one  of  the  small  veins  which  takes  its  origin  from  the  distal 
end  of  a  ductulus  alveolaris  (Fig.  83)  be  followed  until  it  joins  one 
of  the  small  trunks  of  the  pulmonary  vein  situated  at  the  periph- 
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Fig.  86. — Section  from  the  lung  of  a  rabbit  showing  the  junction  of  a  vein 
coming  from  a  bronchus,  where  it  divides  (see  Fig.  82),  with  a  main  branch  of 
the  pulmonary  vein.  In  this  section  there  are  two  small  masses  of  lymphoid 
tissue;  one,  in  the  angle  formed  by  the  smaller  vein  with  one  of  the  main 
branches  of  the  pulmonary  vein  and  lying  close  to  a  lymph  vessel;  the  other, 
situated  on  the  opposite  side  of  the  vein,  belongs  to  a  second  and  larger  vein 
which  joins  the  main  branch  obliquely.  X165. 

ery  of  the  primary  lobule,  there  will  usually  be  found  at  the  place 
of  junction  a  small  mass  of  lymphoid  tissue  as  is  shown  in  Figure 
85.  These  masses  of  lymphoid  tissue  are  situated  in  the  adventitia 
and  are  associated  with  the  lymph  vessels  which  accompany  the 
veins. 

Not  only  do  veins  arise  from  the  most  distal  end  of  a  bronchus, 
but  they  also  arise  from  the  place  where  branches  are  given  off 
(Fig.  83).  If  we  follow  one  of  these  branches  it  will  be  found  that, 
where  it  joins  one  of  the  main  trunks  of  the  pulmonary  vein, 
lymphoid  tissue  is  present  in  greater  or  less  quantity. 
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In  Figure  86,  which  is  taken  from  the  lung  of  the  rabbit,  one  of 
these  veins  is  shown  entering  a  large  venous  trunk.  The  amount  of 
lymphoid  tissue  is  small  and  in  normal  lungs  may  slightly  exceed 
the  quantity  present  in  this  section.  As  soon  as  any  pathological 


Fig.  87. — Section  of  the  human  lung  showing  a  branch,  similar  to  that 
in  Figure  86,  joining  one  of  the  main  branches  of  the  pulmonary  vein 
which,  in  this  instance,  is  situated  in  a  connective  tissue  septum  be¬ 
tween  two  secondary  lobules.  There  is  a  moderate  amount  of  pigment 
present.  XlOO. 

process  occurs,  these  small  masses  frequently  become  greatly 
augmented  in  size. 

I  have  failed  to  find  lymphoid  tissue  present  where  small  venous 
radicles  coming  from  the  walls  of  the  sacculi  alveolares  join  other 
veins  of  similar  size  and  origin. 

In  the  human  lung  the  same  relation  between  lymphoid  tissue 
and  vein  exists.  Figure  87  is  taken  from  a  section  which  shows  the 
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junction  of  a  vein,  coming  from  the  place  where  one  of  the  larger 
bronchi  divides,  with  a  venous  trunk  situated  in  one  of  the  connec¬ 
tive  tissue  septa  of  the  lung.  The  presence  of  these  masses  of  lym¬ 
phoid  tissue  in  the  connective  tissue  septa  has  been  noted  by  several 
observers,  especially  by  Kolliker,  but  their  relation  to  the  vein  was 
overlooked. 

If  only  individual  sections  be  studied,  not  infrequently  there 
will  be  found  small  masses  of  lymphoid  tissue,  apparently  unasso- 


Fig.  88. — Section  of  the  pleura  of  a  child  four  days  old.  No  pig¬ 
ment  is  present.  A  small  mass  of  lymphoid  tissue  is  seen  lying  close 
to  the  lymph  vessel,  L.  In  the  pleura  can  be  seen  a  section  of  a  radicle 
of  the  pulmonary  vein,  V,  and  in  the  center  of  the  section  a  small 
branch  of  the  bronchial  artery  cut  longitudinally.  X300. 

dated  with  blood  or  lymph  vessels,  situated  in  the  parenchyma 
of  the  lung  some  distance  from  any  bronchus.  These  isolated 
masses,  if  they  could  be  followed  through  a  series  of  sections, 
would,  in  nearly  every  instance,  be  found  to  belong  to  one  of  the 
masses  of  lymphoid  tissue  associated  with  the  veins;  in  a  few  in¬ 
stances  I  have  found  such  masses  to  belong  to  a  bronchus  situated 
immediately  above  or  below  the  plane  of  the  individual  section 
being  studied. 

Lymphoid  Tissue  in  its  Relation  to  the  Pleura.  The  presence  of 
lymphoid  tissue  in  the  normal  pleura  was  established  by  Arnold 
and  since  then  has  been  described  by  Liiders,  Heller  and  other 
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investigators.  The  amount  of  lymphoid  tissue  in  the  pleura  is 
considerable,  but  I  have  failed  to  find  in  the  normal  pleura  of 
man  or  of  any  animal  which  I  have  examined,  lymph  follicles  or 
nodes. 

By  referring  to  Figure  82  we  see  at  1,  a  pulmonary  vein  taking 
its  origin  from  the  pleura.  As  is  shown  in  Figure  83,  there  are 
several  of  these  veins  about  the  periphery  of  each  primary  lobule. 


Fig.  89. — Section  of  the  pleura  of  a  child  seven  years  old.  A.,  bronchial 
artery;  V.,  pulmonary  vein;  L.,  lymph  vessel.  In  the  center  of  the  section  and 
just  to  the  left  of  the  lymph  vessel,  a  mass  of  lymphoid  tissue  is  seen;  a  second, 
and  smaller,  mass  can  be  seen  just  beneath  the  lymph  vessel.  A  small  amount 
of  pigment  is  present.  X300. 

At  the  place  where  the  pleural  radicles  unite  to  form  a  pulmonary 
vein  we  usually  find  a  small  mass  of  lymphoid  tissue. 

In  the  human  lung  there  are  connective  tissue  septa  which 
separate  the  secondary  lobules  from  each  other.  In  these  septa 
blood  and  lymph  vessels  are  associated  with  each  other,  and  where 
they  join  the  pleural  vessels  there  is  always  found  a  mass  of 
lymphoid  tissue. 

The  situation  of  the  lymph  follicles  and  nodes  described  by 
Liiders  corresponds  to  the  situation  in  which  I  find  lymphoid  tissue 
under  normal  conditions,  but  I  cannot  recognize  the  lymph  follicles 
and  lymph  nodes  described  by  him  and  other  investigators,  in  the 
pleura,  as  normal  structures;  they  must  be  pathological  and  must 
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have  developed  from  the  normal  masses  of  lymphoid  tissue.  This 
development  may  arise  from  the  presence  of  irritating  substances, 
as,  for  example,  particles  of  carbon.  In  this  case  we  find  more  or 
less  pigmentation  of  the  masses  of  lymphoid  tissue  and  deposition 
of  pigment  along  the  course  of  the  lymph  vessels  throughout  the 
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Fig.  90. — Section  taken  perpendicular  to  the  pleura  of  a  man  thirty-eight 
years  old.  A  large  amount  of  pigment  is  present.  In  the  pleura  we  see  sections 
of  the  bronchial  artery,  A. A.;  of  a  radicle  of  the  pulmonary  vein,  V;  of  lymph 
vessels,  L.L.  Just  below  the  lymph  vessels  a  mass  of  lymphoid  tissue  can  be 
seen.  Scattered  about  in  the  section  are  numerous  phagocytes.  X250. 


lung.  In  other  cases  we  may  have  an  hyperplasia  of  the  already 
existing  lymphoid  tissue,  as,  for  example,  in  leucemia.  In  these 
cases  absence  of  pigment  is  the  rule. 

In  Figure  88  we  have  a  section  taken  through  the  pleura  of  a 
child  four  days  old.  No  pigment  is  present  and  this  may  be  taken 
as  representing  the  amount  of  lymphoid  tissue  usually  found  in 
any  one  situation  in  the  normal  pleura  of  man  before  the  deposi¬ 
tion  of  any  irritating  substance. 
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Figure  89  shows  a  section  taken  through  the  pleura  of  a  child 
seven  years  old;  here  we  see  that  the  amount  of  lymphoid  tissue 
has  materially  increased,  due  no  doubt  to  the  presence  of  the 
small  quantity  of  pigment. 

Contrast  these  sections  with  Figure  90,  which  is  taken  through 
the  pleura  of  a  man  thirty-eight  years  old.  In  this  section  we  see 
a  considerable  quantity  of  pigment  which  is  especially  abundant 
about  the  lymph  vessel.  Scattered  aggregations  of  pigment  are 
present  in  the  lymphoid  tissue,  which  is  more  abundant  than  in 
Figure  89.  Phagocytes  laden  with  particles  of  carbon  are  to  be  seen 
in  various  parts  of  the  section,  their  destination  being  the  lymphoid 
tissue.  Sections  taken  through  other  portions  of  the  pleura  show 
larger  collections  of  pigment  and  consequently  larger  masses  of 
lymphoid  tissue.  The  increased  amount  of  lymphoid  tissue  is  un¬ 
doubtedly  due  to  the  presence  of  the  irritating  particles  of  carbon. 

What  I  have  said  in  regard  to  the  size  of  the  lymphoid  masses  in 
the  pleura  holds  true  of  lymphoid  tissue  throughout  the  lung.  I 
have  already  referred  to  this  when  describing  the  lymphoid  tissue 
associated  with  veins. 

The  investigations  of  Shingu  show  that  in  children  under  twenty- 
three  days  old  no  pigmentation  of  the  lung  is  present;  from  that 
time  on,  pigment  is  always  present  but  not  always  proportional  to 
the  age.  It  is  undoubtedly  true  that  the  lungs  of  individuals  living 
in  an  atmosphere  charged  with  carbon  contain  a  much  greater 
quantity  of  pigment  than  those  of  persons  living  in  an  atmosphere 
comparatively  free  from  carbon,  and  my  own  investigations  show 
a  corresponding  increase  in  lymphoid  tissue.  In  fact,  I  am  forced 
to  believe  that  in  the  lungs,  contrary  to  what  occurs  in  the  ali¬ 
mentary  tract,  the  quantity  of  lymphoid  tissue  increases  from 
childhood  to  old  age  and  that  this  increase  is  largely  due  to  the 
irritation  arising  from  the  constant  inhaling  of  irritating  substances. 

The  mode  by  which  particles  of  carbon  are  removed  from  the  air 
spaces  and  deposited  in  these  masses  of  lymphoid  tissue  and  along 
the  course  of  the  lymph  vessels  is  of  interest.  When  particles  of 
carbon  are  inhaled  it  is,  as  a  rule,  only  the  finer  particles  that 
penetrate  as  far  as  the  alveoli  pulmonum.  Here  the  particles  come 
in  contact  with  the  epithelium  covering  the  walls  of  the  alveoli 
and  may  frequently  be  seen  lying  free  on  their  surface.  I  have  been 
unable  to  convince  myself  that  the  normal  pulmonary  epithelium 
becomes  phagocytic;  on  the  other  hand,  many  phagocytes,  more 
or  less  laden  with  particles  of  carbon,  are  present  in  each  alveolus, 
and  the  question  arises,  what  is  their  origin?  In  spite  of  many 
contributions  on  this  subject,  the  question  has  not  been  answered 
in  a  satisfactory  manner. 
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Pulmonary  Lymphoid  Tissue  in  Old  Age.  Lymphoid  tissue  in 
the  lung  increases  from  childhood  to  old  age ;  this  increase  is  largely 
due  to  the  irritation  arising  from  the  constant  inhalation  of  irritat¬ 
ing  substances. 

Obtaining  material  has  been  more  difficult  than  anticipated,  not 
only  because  the  autopsy  material  available  was  limited,  but  also 
because  there  are  many  chronic  affections  of  the  lungs  that  occa¬ 
sion  the  rejection  of  the  material,  due  to  an  increased  production 
of  lymphocytes.  For  example:  the  lungs  from  an  individual  ninety 
years  old  appeared,  grossly,  to  be  an  excellent  specimen  from  ex¬ 
treme  old  age.  Sections,  however,  showed  that  there  was  a  chronic 
bronchitis  present  in  both  lungs,  associated,  in  one  of  them,  with 
a  chronic  inflammation  of  the  pleura. 

No  attempt  has  been  made  to  discuss  pneumonokoniosis  in 
individuals  who  have  worked  in  dust-laden  atmospheres.  Every 
lung  studied  has  been  carefully  selected. 

I  have  accepted  Sukiennikow’s  description  of  the  tracheobron¬ 
chial  and  bronchopulmonary  lymph  nodes.  Further  study  has 
shown  that  his  description  of  their  character  and  situation  agrees, 
in  general,  with  the  results  which  I  have  obtained  from  the  lungs 
of  adults  and  of  old  age.  However,  in  those  lungs  which  showed  the 
greatest  amount  of  pigmentation,  the  lymph  nodes  at  the  hilum 
and  the  bronchopulmonary  nodes  were  increased  in  size,  and  were 
highly  pigmented;  while  in  those  lungs  which  were  comparatively 
free  from  pigment  these  nodes  were  not  greatly  increased  in  size 
and  showed  but  slight  pigmentation. 

While  Sukiennikow  called  attention  to  the  greater  number  of 
lymph  nodes  associated  with  the  right  lung,  he  did  not  call  atten¬ 
tion  to  the  fact  that  there  is  a  greater  number  of  lymph  nodes 
associated  with  the  eparterial  bronchus  than  with  the  bronchus 
which  supplies  the  middle  lobe  or  with  that  which  supplies  the 
lower  lobe  of  the  right  lung. 

In  the  lungs  of  individuals  thirty  years  old  or  younger  who  have 
died  from  diseases  other  than  pulmonary,  I  have  rarely  found  a 
true  lymph  node  beyond  the  point  where  the  second  ventral  branch 
is  given  off  from  the  main-stem  bronchus.  Beyond  this  point  I 
have  occasionally  found  a  single  lymph  follicle  (germ  center)  in 
the  angle  between  the  main-stem  bronchus  and  the  third  ventral 
branch;  but  usually  only  lymphoid  tissue  in  greater  or  less  quantity 
is  present.  In  lungs  from  individuals  sixty  or  more  years  old,  there 
is  a  small  lymph  node  in  the  angle  formed  by  the  main-stem  bron¬ 
chus  and  the  third  ventral  bronchus,  and  the  lymphoid  tissue 
associated  with  the  finer  divisions  of  the  bronchial  tree  is  always 
increased  in  quantity;  in  case  there  is  much  pigment  (carbon) 
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present,  it  may  be  so  abundant  as  to  obscure  the  amount  of  lym¬ 
phoid  tissue. 

An  increase  in  lymphoid  tissue  along  the  finer  divisions  of  the 
bronchial  tree,  in  individuals  over  sixty  years  old,  is  especially 
marked  at  the  point  where  bronchioli  divide  into  bronchioli  res- 
piratorii,  and  at  the  distal  end  of  the  ductuli  alveolares.  In  the 
latter  situation  lymphoid  tissue  is  often  recognized  with  difficulty 
in  the  lungs  of  individuals  under  thirty  years  of  age;  in  old  age, 
however,  it  is  much  more  pronounced  and  the  presence  of  pigment 
makes  it  still  more  distinct. 

Besides  these  distinct  masses  of  lymphoid  tissue  there  is  present, 
in  old  age,  in  the  walls  of  the  bronchi  and  the  larger  bronchioli, 
situated  between  the  epithelium  and  the  smooth  muscle,  a  delicate 
layer  of  diffused  lymphoid  tissue. 

It  is  often  difficult  to  determine  whether  a  given  mass  of  lym¬ 
phoid  tissue  belongs  to  the  bronchus  or  to  the  accompanying  pul¬ 
monary  artery.  Because  of  this  difficulty,  an  arbitrary  classifica¬ 
tion  was  made,  by  which  masses  of  lymphoid  tissue  lying  between 
the  artery  and  bronchus  were  considered  as  belonging  to  the  bron¬ 
chus;  while  those  masses  situated  between  the  artery  and  the  ad¬ 
joining  air  spaces  were  considered  as  belonging  to  the  artery. 

In  the  lungs  of  individuals  of  sixty  or  more  years,  this  dis¬ 
tinction  does  not  always  hold  true,  for  at  times  the  artery  is  com¬ 
pletely  surrounded  by  lymphoid  tissue  which  fuses  with  that  be¬ 
longing  to  the  bronchus,  thus  forming  a  common  mass.  In  the 
lungs  of  individuals  under  thirty  years  of  age  it  is  rare  to  find  a 
sheath-like  arrangement  of  lymphoid  tissue  extending  along  the 
pulmonary  artery;  in  the  lungs  of  old  people  it  is  not  uncommon. 
I  have  never  seen  within  the  normal  lung,  at  any  age,  a  lymph 
node  or  a  lymph  follicle  associated  with  the  pulmonary  artery. 

In  old  age,  when  much  pigment  is  present,  a  thin  layer  of  dif¬ 
fused  lymphoid  cells  may  be  present  along  the  outer  wall  of  the 
finer  divisions  of  the  pulmonary  artery.  Unless  especially  looked 
for,  the  lymphoid  cells  may  be  obscured  by  the  pigment. 

In  all  those  situations  in  which  lymphoid  tissue  is  found  associa¬ 
ted  with  the  pulmonary  veins,  it  is  increased  in  quantity  in  old 
age.  This  is  especially  true  of  those  masses  which  are  associated 
with  veins  which  arise  from  the  bronchial  tree  and  join  the  venous 
trunks  situated  in  the  connective  tissue  septa  which  mark  out  the 
secondary  lobules. 

Besides  these  masses  of  lymphoid  tissue  which  are  directly  asso¬ 
ciated  with  the  veins,  small  collections  of  lymphoid  tissue  are 
scattered  throughout  the  septa  which  have  no  direct  relationship 
to  radicles  of  the  pulmonary  vein.  These  isolated  masses  are 
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usually  found  where  alveoli  that  are  in  the  direct  line  of  the  air 
current  abut  against  the  septa. 

For  the  first  three  weeks  of  life  the  pleura  does  not  show  any 
pigmentation,  and  the  amount  of  lymphoid  tissue  is  small;  but 
after  that  time  the  pleura  shows  an  increased  amount  of  pigment, 
and,  per  consequens,  an  increase  in  the  amount  of  lymphoid  tissue. 

In  the  pleura  of  individuals  who  have  lived  until  old  age  in  an 
atmosphere  in  which  carbon  or  other  particles  of  dust  are  sus¬ 
pended,  the  lymphoid  tissue  of  the  pleura  is  much  increased  in 
those  situations  in  which  it  is  normally  present. 

In  a  preceding  paragraph  small  masses  of  lymphoid  tissue  were 
described  in  the  septa  between  the  secondary  lobules,  independent 
of  any  relationship  to  the  pulmonary  vein.  Such  masses  are  much 
more  frequent  in  the  pleura.  Here  they  are  often  seen  situated 
between  a  small  pleural  lymph  vessel  and  the  rounded  tip  of  an 
alveolus  located  just  beneath  the  pleura.  These  small  masses  of 
lymphoid  tissue  usually  contain  a  considerable  quantity  of  pig¬ 
ment  (carbon).  It  is  not  uncommon  to  find  phagocytes  laden  with 
particles  of  carbon,  which  they  have  picked  up  within  the  alveolus, 
lying  close  to,  or  just  penetrating,  the  wall  of  an  alveolus,  on  their 
way  to  deposit  their  load  in  the  lymphoid  tissue. 

In  other  instances  these  small  masses  of  lymphoid  tissue  were 
associated  with  a  radicle  of  a  pulmonary  vein  which  was  situated 
on  the  periphery  of  a  primary  lobule  and  had  its  origin  from  the 
capillary  network  in  the  walls  of  the  sacculi  alveolares  just  beneath 
the  pleura. 

In  many  points  the  results  of  this  study  of  lymphoid  tissue  in 
the  human  lung  in  old  age  coincide  with  the  results  obtained  by 
Gardner  in  his  study  of  experimental  pneumonokoniosis,  and  by 
H.  S.  Willis  in  his  study  of  spontaneous  pneumonokoniosis  in 
guinea  pigs. 

The  Vascular  Supply  of  the  Lymphoid  Tissue  in  the  Rabbit’s 
Lung.  Since  the  time  of  Reisseisen  the  statement  that  the  lymph 
nodules  and  the  lymphoid  tissue  found  along  the  bronchi  receive 
their  blood  supply  from  the  bronchial  artery  has  been  generally 
accepted.  In  the  rabbit,  however,  I  have  found  that  these  masses 
of  lymphoid  tissue  do  not  receive  their  blood  supply  from  the 
bronchial  artery  but  from  the  pulmonary  artery. 

This  has  an  important  bearing  on  experimental  work  which 
involves  the  lung  of  the  rabbit;  for  any  microorganism  that  is 
introduced  into  the  venous  circulation  of  the  rabbit  is  conveyed 
from  the  right  side  of  the  heart  directly  to  these  masses  of  lym¬ 
phoid  tissue  by  the  pulmonary  artery.  As  the  masses  of  lymphoid 
tissue  which  are  associated  with  the  place  where  the  bronchi  divide 
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Fig.  91 


See  page  129  for  description 
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are  especially  liable  to  become  affected,  the  present  communica¬ 
tion  will  be  confined  to  a  description  of  the  various  types  of  arterial 
distribution  to  these  masses. 

In  Figure  91, a,  a  short  and  somewhat  stout  branch  is  given  off 
from  the  main  trunk  of  the  pulmonary  artery  and  passes,  without 
branching,  directly  to  the  lymphoid  tissue,  within  which  it  breaks 
up  into  small  arterioles  that  eventually  end  in  a  capillary  network 
that  is  distributed  throughout  the  lymphoid  tissue.  The  further 
relation  of  this  capillary  network  will  be  shown  in  connection  with 
Figure  91, c,  and  Figure  91, d. 

In  Figure  91, b,  two  small  arteries  are  distributed  to  the  mass  of 
lymphoid  tissue.  These  do  not  arise  directly  from  the  main  arterial 
trunk  but  from  a  branch  of  the  pulmonary  artery  which  supplies 
the  more  dependent  sacculi  alveolares  of  a  primary  lobule. 

In  Figure  91,c,  a  number  of  small  arterioles  are  given  off  from 
the  main  trunk  of  the  pulmonary  artery  and  these  almost  immedi¬ 
ately  break  up  into  a  capillary  network  within  the  lymphoid  tissue. 
The  capillary  network  thus  formed  within  the  lymphoid  tissue 
unites  with  the  capillary  network  within  the  walls  of  the  adjoining 
alveoli  to  form  venous  radicles,  which  in  turn  unite  to  form  small 
branches  of  the  pulmonary  vein. 

Figure  91,d,  illustrates  an  entirely  different  type  of  the  origin 
of  the  artery  which  is  distributed  to  the  lymphoid  tissue.  Here  it 
is  not  a  branch  which  is  given  off  directly  from,  or  in  close  proxim¬ 
ity  to,  a  main  trunk  of  the  pulmonary  artery,  but  it  is  a  terminal 

Fig.  91. — General  description  of  figures  1  to  4:  The  lungs  were  prepared 
by  injecting  the  pulmonary  artery  with  a  20  per  cent  solution  of  gelatin  which 
held  granules  of  cinnabar  in  suspension;  the  pulmonary  veins  and  capillaries 
were  injected  with  an  8  per  cent  Berlin  blue  gelatin.  The  lungs  were  hardened 
in  alcohol,  embedded  in  celloidin  and  cut  serially  50  or  100  micra  thick.  The 
pulmonary  artery  is  red.  The  pulmonary  veins  and  capillaries  are  black.  The 
stippled  areas  are  the  masses  of  lymphoid  tissue.  The  spaces  seen  in  the  adven¬ 
titia  of  the  pulmonary  artery  are  sections  of  the  lymphatics. 

Fig.  1. — Camera  lucida  tracing  of  a  section  of  a  bronchus  (B),  0.875  mm. 
in  diameter,  taken  at  the  level  where  it  was  giving  off  a  branch.  Section  100 
micra  thick.  X30. 

Fig.  2. — Camera  lucida  tracing  of  a  section  of  a  bronchiolus  (B),  0.45  mm.  in 
diameter,  just  before  its  division  showing  the  distribution  of  the  artery  to  the 
lymphoid  tissue.  Section  100  micra  thick.  X30. 

Fig.  3. — Combination  drawing  of  camera  lucida  tracings  of  three  consecutive 
sections  of  a  bronchus  (B),  1  mm.  in  diameter,  at  the  point  where  a  branch  is 
given  off.  The  course  of  the  circulation  from  the  artery  through  the  capillaries 
to  the  venous  radicles  can  be  readily  followed.  Sections  50  micra  thick.  X30. 

Fig.  4.— Reconstruction  drawing  of  six  consecutive  camera  lucida  tracings 
of  a  bronchus  (B),  2.6  mm.  in  diameter.  In  this  figure  and  in  figure  3  the  rich 
capillary  supply  of  the  lymphoid  tissue  is  brought  out.  Sections  50  micra  thick. 
X30. 
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twig  of  a  branch  of  the  pulmonary  artery  which,  after  supplying 
a  primary  lobule,  penetrates  its  periphery  and  passes  to  the  lym¬ 
phoid  tissue.  The  capillaries  into  which  the  arterial  twig  breaks  up 
either  empty  into  a  branch  of  the  pulmonary  vein  or  they  unite 
with  the  capillaries  in  the  walls  of  the  alveoli  of  the  lung. 

In  a  few  instances  a  combination  of  the  types  represented  by 
Figures  91, a,  and  91, c,  or  of  Figures  91, b,  and  91, c,  has  been  seen, 
but  thus  far  the  type  shown  in  Figure  91, d  has  been  found  to  exist 
independent  of  any  combination  with  other  types  of  arterial  dis¬ 
tribution.  This  may  be  due  to  the  fact  that  thus  far  it  has  been 
found  in  connection  with  lymphoid  tissue  associated  with  bronchi 
of  relatively  large  calibre.  More  extended  study  may,  however, 
modify  this  statement. 

This  study  of  the  arterial  supply  of  the  lymphoid  tissue  in  the 
rabbit’s  lung  shows  the  importance  of  a  better  knowledge  of  the 
vascular  supply  of  lymphoid  tissue,  not  only  in  the  lung  but  also 
in  other  organs  of  the  animals  used  for  experimental  purposes.  It 
may  well  be  that  a  more  careful  study  of  the  distribution  of  lym¬ 
phoid  tissue  in  the  various  organs,  and  of  its  blood  supply,  will  lead 
to  a  better  understanding  of  some  of  the  phenomena  associated 
with  experimental  inoculations. 

Summary.  Pulmonary  lymphoid  tissue  may  be  peribronchial, 
periarterial,  perivenous  or  pleural. 

Lymphoid  tissue  may  occur  in  the  form  of  lymph  nodes,  lymph 
follicles,  or  small  masses  of  lymphoid  tissue. 

Lymph  nodes,  in  the  normal  lung,  are  found  associated  with  the 
larger  divisions  of  the  bronchi,  and  are  situated  at  the  place  where 
branching  takes  place. 

In  the  normal  lung  lymph  nodes  are  not  present  in  the  pleura. 

The  smaller  masses  of  lymphoid  tissue  may,  like  lymph  nodes, 
act  as  filters  interpolated  in  the  lymph  circulation.  They  may  also 
serve  as  centers  to  which  the  phagocytes  carry  their  collected 
material. 

On  account  of  the  arrangement  of  the  blood  vessels  and  the 
relation  it  bears  to  them,  lymphoid  tissue  is  found  most  abundant 
on  the  periphery  of  the  primary  and  secondary  lobules. 

There  is  in  old  age  a  definite  increase  in  the  lymphoid  tissue 
independent  of  that  which  may  be  produced  by  inflammatory 
diseases;  the  amount  of  this  increase  is  dependent  on  the  amount 
of  carbon  or  other  irritating  particles  inhaled. 

In  the  rabbit  it  is  the  pulmonary  artery,  not  the  bronchial 
artery,  that  furnishes  the  vascular  supply  of  the  lymphoid  tissue. 

Any  microorganism  introduced  into  the  venous  circulation  of 
the  rabbit  is  conveyed  directly  to  the  pulmonary  lymphoid  tissue 
by  the  pulmonary  artery. 
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THE  NERVES 

It  is  due  to  the  painstaking  work  of  Professor  0.  Larsell,  now  of 
the  University  of  Oregon,  that  we  have  a  comprehensive  idea  of  the 
distribution  of  the  nerves,  and  their  endings,  within  the  lung.  I 
had  made  a  preliminary  study  of  their  distribution ;  but  when  Pro¬ 
fessor  Larsell  came  to  the  University  of  Wisconsin  as  my  assistant 
professor,  I  turned  the  problem  over  to  him,  telling  him  that  it 
was  his  to  complete.  The  following  account,  based  largely  on  his 
work,  will  tell  how  well  he  has  worked  the  problem.  Very  kindly 
he  has  granted  me  permission  to  use  some  of  his  illustrations  show¬ 
ing  the  various  types  of  nerve  endings  found  in  the  lung. 

The  lungs  receive  their  nerve  supply  from  two  sources:  the  vagi 
and  the  sympathetic  nerves.  Each  vagus  nerve,  on  reaching  the 
back  of  the  root  of  the  lung,  breaks  up  into  numerous  branches 
which,  reinforced  by  fine  branches  from  the  second,  third,  and 
fourth  thoracic  ganglia  of  the  sympathetic  system,  form  the 
posterior  pulmonary  plexus  and  at  the  same  time  send  a  few  fibers 
to  the  front  of  the  root  of  the  lung  to  take  part  in  the  formation 
of  the  anterior  pulmonary  plexus. 

Each  plexus  gives  off  fibers  which  are  distributed  to  the  bronchi 
and  pulmonary  artery  at  the  hilum.  On  entering  the  lung  these 
fibers  form  two  main  plexuses  which  are  distributed,  one  about  the 
main-stem  bronchus  and  its  branches,  the  other  about  the  pulmo¬ 
nary  artery  and  its  branches.  According  to  Larsell  the  plexus  in  the 
cartilaginous  bronchi  divides  into  two  portions:  one,  extrachon- 
drial,  situated  external;  the  other,  subchondrial,  internal,  to  the 
cartilages.  In  the  non-cartilaginous  bronchi  the  two  plexuses  unite 
to  form  a  single  plexus  and  continue  distally  as  a  single  network  of 
fibers  (Fig.  92).  From  the  plexus  thus  formed  afferent  and  efferent 
fibers  are  given  off  at  various  points.  Ganglia  are  present  not  only 
along  the  extrachondrial  and  the  subchondrial  plexus,  but  also 
along  the  single  network  of  fibers  which  continues  them  distally 
(Fig.  93). 

The  first  afferent  receptors  within  the  bronchi  are  distributed 
along  the  epithelium  lining  the  bronchi  as  free  nerve  endings  (Fig. 
94).  In  the  angle  formed  at  the  point  where  bronchi  branch  and  at 
the  base  of  the  ductuli  alveolares,  endings  of  a  less  diffuse  type  are 
found  (Fig.  95).  In  the  walls  of  the  atria,  which  are  lined  with 
flattened  respiratory  epithelium  instead  of  cuboidal  or  pyramidal 
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Fig.  92. — Scheme  of  the  dis¬ 
tribution  of  the  nerves.  B,  bron¬ 
chus;  P.A.,  pulmonary  artery; 
Red,  afferent  fibers  from  ending 
in  the  epithelium;  Brown,  affer¬ 
ent  fibers  from  “smooth  muscle 
spindles”;  Blue,  preganglionic 
efferent  fibers;  Yellow,  post¬ 
ganglionic  fibers  to  bronchial 
musculature  and  glands;  Green, 
vasomotor  fibers  to  media  of 
pulmonary  artery.  1,  nerve  end¬ 
ing  in  epithelium  (Fig.  94);  2, 
nerve  ending  at  point  of  division 
of  bronchi  (Fig.  95);  3  and  4, 
nerve  endings  in  the  wall  of  the 
atrium  (Figs.  96,  97);  5,  nerve 
ending  in  muscle  spindle  (Figs. 
98,  99);  6,  nerve  ending  in 
smooth  muscle  (Fig.  101);  7, 
pericellular  network  (Fig.  100). 
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epithelium  as  is  the  case  with  the  bronchi  and  bronchioli,  a  very 
different  type  of  nerve  ending  is  found.  The  nerve  fibers  leading  to 
this  type  of  ending  follow  the  walls  of  the  bronchioli  respiratorii 
and  ductuli  alveolares,  and  after  repeated  subdivision  end  in  a  mass 


Fig.  93. — A  ganglion  in  close  apposition  to  a  nerve.  Small  branches  of  the 
main  nerve  can  be  seen  on  either  side  of  the  ganglion.  The  blood  vessel  seen  in 
the  upper  portion  of  the  photograph  is  a  bronchial  artery.  X 150. 


of  branching  fibers  which  form  a  flattened  end  organ  that  is  covered 
by  the  epithelium  lining  the  atrium;  while  on  the  other  side  the 
ending  rests  against  the  framework  of  the  atrial  wall.  Certain  of 
these  endings  appear  to  have  a  delicate  capsule  (Fig.  96),  while 
others  are  simply  covered  by  the  atrial  epithelium  (Fig.  97). 

The  bronchial  musculature  extends  as  far  as  the  atria  in  the 
form  of  a  geodesic  network  which  is  supplied  with  two  types  of 
nerve  endings.  Large  myelinated  nerves  which  divide  into  numer- 
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Fig.  94. — Nerve  ending 
in  epithelium  at  the  di¬ 
vision  of  bronchus  into 
bronchi  about  1  mm.  in  di¬ 
ameter.  Only  that  part  of 
the  endings  visible  in  one 
section  was  drawn,  n.tr., 
nerve  termination;  epith., 
epithelium;  ca.pl.,  carti¬ 
lage;  br.gh,  bronchial 
gland.  From  a  child  8 
months  old.  X177. 


Fig.  95. — Nerve  ending  at 
point  of  division  of  a  bron- 
chiolus  respiratorius  into  a 
ductulus  alveolaris.  a.s.,  sac- 
culus  alveolaris;  alv.cl.,  duc¬ 
tulus  alveolaris;  n.ter.,  nerve 
termination;  n.fi.,  nerve  fiber; 
mu.bd.,  bands  of  bronchial 
muscle;  pul. art.,  arteria  pul- 
monalis;  br.,  bronchus,  with¬ 
out  reference  to  order.  From 
a  child  8  months  old.  Xl02. 
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Fig.  96. — Nerve  end¬ 
ing  in  the  wall  of  an 
atrium.  From  a  child  8 
months  old.  X356. 


Fig.  97. — Free  nerve  ending  in  the 
wall  of  an  atrium.  From  a  child  8  months 
old.  X546. 


Fig.  98. — Smooth  muscle 
nerve  spindles  in  bronchial 
muscle  bands,  n.fi.,  nerve 
fiber;  m.fi.,  smooth  muscle 
fibers;  n.ter.,  nerve  termina¬ 
tion;  mu.bd.,  bands  of  bron¬ 
chial  muscle.  From  a  child  8 
months  old.  X546. 


Fig.  99. — Smooth  muscle  spin¬ 
dles  in  small  bronchial  muscle 
bands,  mu.bd.,  bands  of  bronchial 
muscle;  m.fi.,  smooth  muscle  fibers; 
n.ter.,  nerve  termination;  n.fi., 
nerve  fiber.  From  a  child  8  months 
old.  X356. 
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Fig.  100. — G  a  n  g  1  i  o  n 
cells  showing  pericellular 
network  from  pre-gangli- 
onic  fibers.  From  child  8 
months  old.  x346. 


oils  branches  lead  to  the  first  of  these  end¬ 
ings.  Each  muscle  band  is  supplied  with  a 
separate  branch  which  forms  on  it  a 
spindle-shaped  termination  (Figs.  98,  99) ; 
they  have  not,  however,  been  found  in 
the  bronchioli  respiratorii  or  the  ductuli 
alveolares. 

Small  myelinated  fibers,  which  are 
probably  preganglionic,  end  in  a  net¬ 
work  about  clusters  of  ganglionic  cells 
(Fig.  100).  From  these  ganglionic  cells 
non-myelinated  fibers  are  given  off  which 
are  distributed  to  the  smooth  muscle 
bands,  where  they  terminate  as  motor 
endings  (Fig.  101). 


Fig.  101. — Nerve  ending  in  smooth  muscle  bands.  X410.  (Larsell). 


Chapter  IX 


THE  PLEURA 

The  pleura  pulmonalis  plays  an  important  part  in  marking  out 
the  lung  into  secondary  lobules  by  sending  prolongations,  the  septa, 
into  its  substance.  It  is  only  in  lungs  which  possess  a  thick  pleura 
(Fig.  102,  a),  as  is  the  case,  for  example,  in  the  lung  of  the  pig,  the 
ox,  and  man,  that  secondary  lobules  can  be  demonstrated.  In  the 
rat,  the  rabbit,  the  cat,  and  the  dog,  common  laboratory  animals, 
the  lungs  are  covered  with  a  thin  pleura  (Fig.  102,  b) ;  consequently, 
no  septa  are  found. 

The  Pleura  in  Man.  The  pleura  pulmonalis  is  a  reflexion  of  the 


Fig.  1 02. — Illustrates  the  difference  between  a  thick  pleura  (A)  and 
a  thin  pleura  (B).  A.  is  from  the  lung  of  an  adult  man.  B.  is  from  the 
lung  of  a  rabbit.  Both  are  X200. 


serous  membrane  which  covers  the  viscera  contained  within  the 
thoracic  cavity.  It  is  usually  described  as  a  serous  membrane  cov¬ 
ered  with  a  layer  of  mesothelium  which  rests  on  a  subserous  layer 
of  connective  tissue  that  is  composed  of  collagenous  fibers  and  a 
few  elastic  fibers.  Within  this  subserous  layer  the  blood  vessels, 
lymph  vessels,  and  nerves  are  to  be  found. 

Mesothelium.  The  mesothelial  layer,  as  its  name  implies,  con¬ 
sists  of  mesothelial  cells.  Since  the  time  of  Oedmansson  and  v. 
Recklinghausen  certain  appearances,  characterized  as  preformed 
openings,  found  between  the  cells  lining  the  so-called  serous  cavi¬ 
ties,  have  been  designated  as  stigmata  and  stomata.  As  one  re¬ 
views  the  literature  of  the  subject  it  is  seen  that,  while  at  first  the 
opinion  of  v.  Recklinghausen  influenced  the  earlier  investigators 
to  accept  these  appearances  as  normal  structures,  later  studies  with 
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improved  methods  have  led  many  to  declare  that  they  are  not  nor¬ 
mal  structures  but  artifacts.  The  author  denied  their  presence  in 


Fig.  103. — Mesothelium  from  the 
pleura  parietalis  (intercostalis)  which 
has  been  stretched  in  the  direction  in¬ 
dicated  by  the  arrow.  Note  the  elon¬ 
gated  shape  of  the  cells.  X210. 


Fig.  105. — Mesothelium  from  the 
pleura  parietalis  (intercostalis)  which 
is  fixed  in  situ.  Note  the  regularity  of 
the  boundary  lines  surrounding  the 
cells  and  the  total  absence  of  “stig¬ 
mata”  and  openings  between  the  cells. 
X210. 


Fig.  104.- — Mesothelium  from  the 
pleura  parietalis  (intercostalis)  which 
has  been  strongly  stretched  in  the  di¬ 
rections  indicated  by  the  arrows.  Note 
the  “stigmata”  and  the  spaces  caused 
by  the  separation  of  the  cells.  X210. 


Fig.  106. — Mesothelium  from  the 
pleura  pulmonalis.  Note  the  total 
absence  of  stomata,  stigmata,  and 
openings  between  the  cells.  The 
specimen  was  fixed  in  situ.  The 
center  of  the  rosette  of  cells,  seen 
near  the  middle  of  the  illustration, 
is  the  place  where  stomata  are  said 
to  be  always  present.  X210. 


the  pleura  pulmonalis  in  1896  and  his  observation  has  been  con¬ 
firmed  by  later  investigators,  v.  Ebner  saying,  “Ich  habe  ebenfalls 
vergeblich  nach  solchen  gesucht  ”  The  methods  of  preparation  made 
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use  of  by  the  earlier  and,  to  a  certain  extent,  by  some  of  the  later 
investigators,  have  been  contributive  to  the  production  of  these 
artifacts;  for  example,  the  rough  handling  attendant  on  the  re¬ 
moval  from  the  body  of  the  part  to  be  acted  on  by  argentic  nitrate, 
or,  what  is  even  greater  violence  to  the  tissue,  the  stretching  of  the 
part  to  be  studied  over  cork,  glass,  or  vulcanite  rings,  or  the  spread¬ 
ing  of  the  membrane  over  the  edge  of  a  shallow  glass  dish  and 
pouring  over  it  the  solution  of  argentic  nitrate.  The  strength  of  the 
argentic  nitrate  solution  also  has  its  influence;  the  stronger  the 
solution  the  greater  the  number  of  these  artifacts.  These  state¬ 
ments  can  be  substantiated  as  follows:  If  a  portion  of  the  wall  of 
the  thorax  be  removed  and  stretched  in  one  direction  slightly, 
before  being  acted  upon  by  argentic  nitrate,  the  boundary  lines  of 
the  mesothelium  will  remain  intact  but  will  show  distortion  in  the 
direction  of  the  force  applied  (Fig.  103) ;  if  a  second  portion  be 
removed  and  stretched  violently  in  two  directions  (Fig.  104),  the 
usual  appearance  of  dots  and  intercellular  spaces  will  appear  when 
treated  with  argentic  nitrate;  if,  instead  of  removing  the  part  to 
be  stained,  the  entire  process  be  carried  on  in  situ ,  the  mesothelium 
will  retain  its  normal  form  and  the  boundary  lines  will  be  intact 
(Fig.  105)  The  results  obtained  when  the  pleura  pulmonalis  is  thus 
treated  are  especially  satisfactory  (Fig.  106),  though  it  is  a  more 
delicate  subject  than  the  pleura  costalis. 

Elastic  Layer.  Of  the  descriptions  of  the  elastic  fibers  in  the 
human  pleura  pulmonalis,  that  by  Linser  and  that  by  Letulle  are 
deserving  of  special  attention;  the  former  is  given  from  the  normal, 
the  latter  from  the  pathological  standpoint. 

Linser  describes  an  elastic  layer,  situated  immediately  beneath 
the  pleural  epithelium  (mesothelium),  that  is  made  up  of  fibers 
which  cross  one  another  at  an  acute  angle.  This  is  followed  by  a 
layer  of  connective  tissue  in  which  bundles  of  collagenous  fibers 
are  interspersed  with  fine  elastic  fibers.  Still  deeper  in  the  pleura 
there  is  a  second  layer  of  elastic  fibers  which  runs  parallel  to  the 
surface  of  the  lung,  the  individual  fibers  of  which  anastomose  with 
the  elastic  fibers  in  the  walls  of  the  alveoli. 

The  description  given  by  Letulle  is,  in  general,  more  accurate 
than  that  by  Linser.  Letulle  finds  that  there  is  on  the  outer  surface 
of  the  pleura  pulmonalis  a  layer  of  flattened  endothelial  (mesothe- 
lial)  cells,  which  rests  on  an  avascular,  sub-endothelial  layer  of 
connective  tissue.  Beneath  this  layer  there  is  a  limitante  elastique 
externa  or  superficielle  which  is  comparable  to  the  elastica  interna 
of  the  blood  vessels;  this  forms  a  part  of  his  conjunctivo-vasculaire 
membrane  of  the  pleura,  within  which  there  are  numerous  blood 
vessels  and  lymph  vessels.  Still  deeper  in  the  pleura  there  is  a 
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Fig.  107. — Normal  pleura  pulmonalis  from  the  human  lung.  Selective 
staining  of  the  elastic  fibers,  a.,  submesothelial  layer;  b.,  areolar  layer. 
The  elastic  layer  is  the  layer  of  compact  fibers  between  a  and  b.  X200. 

limitante  elastique  profonde  or  externa  which  is  reinforced  by  fibers 
from  the  adjacent  pulmonary  alveoli. 

This  deeper  layer  of  elastic  fibers,  the  limitante  elastique  pro¬ 
fonde  of  Letulle,  is  not  to  be  considered  a  part  of  the  pleura;  it 
belongs  to  the  walls  of  the  subjacent  alveoli. 

The  surface  of  the  pleura  is,  as  both  Linser  and  Letulle  have 


Fig.  108.— Normal  pleura  pulmonalis  from  the  human  lung.  Selec¬ 
tive  staining  of  the  elastic  fibers.  Note  that  some  of  the  anastomosing 
fibers  which  leave  the  elastic  layer  and  pass  into  the  areolar  layer  have 
a  perpendicular  direction.  This  is  especially  noticeable  just  above  the 
radicle  of  the  pulmonary  vein  in  the  center  of  the  photomicrograph. 
X200. 
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said,  covered  by  a  layer  of  thin,  flattened  mesothelium  which,  as 
stated  by  Letulle,  rests  on  an  avascular  layer  of  connective  tissue. 
This  sub-mesothelial  layer  is  made  up  of  collagenous  fibers  that, 
in  some  instances,  are  interspersed  with  delicate  elastic  fibers  which 
are  derived  from  the  underlying  elastic  layer,  and  a  network  of 
reticulum  that  is  especially  well  developed  just  beneath  the  layer 
of  mesothelial  cells  forming  its  basement  membrane. 


Fig.  109. — -Pleura  pulmonalis  from  an  imperfectly  distended  hu¬ 
man  lung.  Selective  staining  of  the  elastic  fibers.  Note  the  loose  ar¬ 
rangement  of  the  elastic  layer  and  the  presence  of  bundles  of  collage¬ 
nous  fibers  within  the  elastic  layer.  Due  to  the  imperfect  distention  of 
the  lung,  the  walls  of  the  alveoli  in  the  central  portion  of  the  photo¬ 
micrograph  are  cut  obliquely,  thus  bringing  into  view  the  network  of 
elastic  fibers  in  that  portion  of  their  walls  which  abuts  upon  the  pleura. 

At  x,  an  anastomosing  elastic  fiber  within  the  alveolar  wall  can  be  seen 
joining  the  subpleural  network.  X200. 

The  elastic  layer  is  made  up  almost  exclusively  of  elastic  fibers. 
Bundles  of  collagenous  fibers  pass  through  the  mesh  of  the  elastic 
fibers,  and  a  limited  amount  of  reticulum  can  be  demonstrated. 
A  few  fine  fibers  are  given  off  into  the  sub-mesothelial  layer;  and 
anastomosing  fibers  pass  through  the  areolar  layer  to  join  the  net¬ 
work  of  elastic  fibers  in  the  walls  of  the  alveoli  which  abut  upon 
the  pleura,  and  also  to  join  the  elastic  fibers  within  the  areolar 
layer.  When  the  lung  is  distended,  the  elastic  layer  appears  as  a 
compact  layer  (Figs.  107,  108);  but  when  the  lung  is  imperfectly 
distended,  the  elastic  layer  often  appears  as  though  it  were  made  up 


142 


THE  LUNG 


of  two  portions,  between  which  bundles  of  collagenous  fibers  may 
be  seen  (Fig.  109). 

Neither  Linser,  Favaro,  nor  Letulle  considers  the  elastic  layer 
as  a  separate  layer.  Both  Linser  and  Letulle  consider  it  as  a  part 
of  the  areolar  layer  of  the  pleura— the  conjonctivo-vasculaire  layer 
of  Letulle.  Favaro  associates  it  with  the  sub-mesothelial  layer,  and 
calls  the  combined  layers  the  ipopleura.  In  some  animals,  for  ex- 


Fig.  110. — Pleura  pulmonalis  from  an  imperfectly  distended  human  lung. 
Selective  staining  of  the  elastic  fibers.  This  section  was  cut  in  such  a  plane  that 
the  network  of  elastic  fibers  in  the  wall  of  the  alveolus  in  the  center  of  the 
photomicrograph  shows  clearly.  Immediately  below  this  subpleural  network 
of  elastic  fibers,  the  elastic  fibers  in  the  walls  of  the  adjoining  alveoli  can  be 
seen.  X200. 

ample,  the  horse,  the  elastic  layer  is  of  such  thickness  that  it  is 
possible  to  dissect  it  off  as  a  separate  lamina. 

Areolar  Layer.  The  most  important  layer  in  the  human  pleura 
pulmonalis  is  the  areolar  layer,  for  within  it  the  blood  vessels, 
lymph  vessels,  and  nerves  are  situated.  This  layer  is  made  up  of 
bundles  of  collagenous  fibers  between  which  elastic  fibers  pass 
that  anastomose  on  the  one  hand  with  the  elastic  layer,  and  on  the 
other  hand  with  the  network  of  elastic  fibers  in  the  walls  of  the 
underlying  pulmonary  alveoli.  The  arrangement  of  these  anasto¬ 
mosing  fibers  is  of  interest;  some  of  them  have  a  direction  perpen¬ 
dicular  to  the  surface  of  the  pleura  (Fig.  108),  while  others  pass 
obliquely  through  the  areolar  layer. 

The  interesting  question  now  arises:  Is  the  limitante  elastique 
profonde  of  Letulle  to  be  considered  a  part  of  the  pleura,  or  does 
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it  belong  to  the  underlying  alveolar  walls?  The  opinion  has  already 
been  expressed  that  it  belongs  to  the  alveolar  walls. 

If  the  wall  of  an  alveolus  which  is  situated  directly  beneath  the 
pleura  be  cut  transversely,  a  selective  stain  for  elastic  fibers  will 
show  a  thin  line  of  elastic  fibers  within  the  alveolar  wall,  which 
may  present  a  slightly  beaded  appearance  due  to  the  sectioning  of 
anastomosing  branches  (Figs.  108,  110). 


Fig.  111. — Section  of  the  human  pleura  pulmonalis  showing  on  left 
side  of  the  photomicrograph  a  septum  passing  into  the  lung.  Selective 
staining  of  the  elastic  fibers.  Note  the  continuance  of  the  network  of 
elastic  fibers  in  the  walls  of  the  alveoli  beneath  the  areolar  layer  of  the 
pleura  with  that  in  the  alveoli  immediately  beneath  the  septum.  At  x, 
the  network  of  elastic  fibers  in  the  wall  of  the  alveoli  which  do  not  come 
in  contact  with  the  pleura  is  seen  to  be  the  same  as  that  in  the  alveolar 
wails  which  do  come  in  contact  with  the  pleura.  Compare  with  Figures 
109  and  110.  X 100. 

When  an  alveolus  is  cut  in  such  a  manner  that  the  elastic  fibers 
in  its  lateral  walls  appear  in  the  section,  they  can  be  seen  to  join 
the  network  of  elastic  fibers  in  that  portion  of  the  alveolar  wall 
which  abuts  upon  the  pleura  (Fig.  109,  x). 

If  a  subpleural  alveolus  be  cut  in  such  a  plane  that  the  network 
of  elastic  fibers  in  the  wall  which  abuts  upon  the  areolar  layer  of 
the  pleura  comes  clearly  into  view  (Fig.  110),  it  will  be  seen  that 
it  corresponds  to  the  network  in  the  alveolar  walls  which  do  not 
abut  upon  the  pleura  (Fig.  Ill,  x). 

If  a  section  be  cut  so  that  it  includes  a  septum,  and  if  the  walls 
of  the  alveoli  adjacent  to  the  pleura  and  to  the  septum  be  at  the 
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same  time  cut  transversely,  it  will  be  seen  that  the  network  of 
elastic  fibers  in  the  alveolar  walls  beneath  the  areolar  layer  of  the 
pleura  is  continued  into  the  walls  of  the  alveoli  which  are  situated 
immediately  beneath  the  septum  (Fig.  112).  The  elastic  fibers  in 
the  alveolar  walls  which  abut  upon  a  septum  are  not  considered  a 
part  of  the  septum;  such  being  the  case,  why  should  the  elastic 
network  in  the  alveoli  which  abut  upon  the  pleura  be  considered 
a  part  of  the  pleura? 

Neither  the  statement  by  Linser  that  there  is  a  second  layer  of 
elastic  fibers  which  runs  parallel  to  the  surface  of  the  lung  and  gives 
off  fibers  which  anastomose  with  those  in  the  alveolar  walls,  nor 


Fig.  112.- — Section  of  the  human  pleura  pulmonalis  which  includes  a  septum 
situated  between  two  secondary  lobules.  The  continuation  of  the  elastic  fibers 
in  the  walls  of  the  alveoli  beneath  the  pleura  with  those  of  the  alveoli  which 
abut  against  the  septum  can  be  easily  made  out.  A  dilated  and  empty  lym¬ 
phatic,  and  a  radicle  of  the  pulmonary  vein  are  cut  transversely  in  the  septum. 
Selective  staining  of  the  elastic  fibers.  X55. 

that  by  Letulle  that  the  limitante  elastique  profonde  is  reinforced 
by  fibers  from  the  subjacent  alveoli,  seems  to  describe  the  actual 
relationship.  It  is  true  that  anastomosing  branches  connect  the 
network  of  elastic  fibers  in  the  walls  of  the  alveoli  with  those  in  the 
areolar  layer,  and  also  with  the  fibers  in  the  elastic  layer.  These 
anastomosing  fibers  have  a  very  definite  purpose;  they  serve  to 
tie  the  pleura  proper  to  the  walls  of  the  alveoli  and,  at  the  same 
time,  to  assist  in  respiration.  It  is  also  quite  probable  that  the 
elastic  fibers  within  the  areolar  layer  of  the  pleura  have  a  similar 
action  to  those  within  the  pulmonary  walls,  since,  due  to  the  con¬ 
tinuance  of  the  elastic  fibers  of  the  blood  vessels  and  of  the  lymph 
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vessels  with  these  fibers,  they  must  exert  an  influence  on  the  circu¬ 
lation  of  the  blood  and  lymph. 

It  has  been  shown  that  in  the  normal  pleura,  anastomosing  fibers 
extend  between  the  network  of  elastic  fibers  in  the  walls  of  the 
alveoli  and  the  elastic  fibers  within  the  areolar  and  elastic  layers 
of  the  pleura.  In  the  case  of  a  bleb,  however,  there  has  been  a  rup¬ 
ture  of  these  anastomosing  fibers,  and  the  pleura  proper  has  been 
separated  from  the  walls  of  the  underlying  alveoli. 

What  has  caused  this  separation?  In  every  case  that  I  have  had 
an  opportunity  to  study,  blebs  have  been  associated  with  a  well- 


Fig.  113. — Section  through  a  small  bleb  showing  a  hemorrhage 
into  the  bleb.  The  extension  of  the  bleb  has  been  arrested  by  the 
septum  on  the  right  of  the  figure.  X7.5. 

marked  emphysema.  The  manner  in  which  a  bleb  is  formed  re¬ 
sembles  that,  if  indeed  it  be  not  the  same,  which  takes  place  in  an 
interstitial  emphysema,  namely,  a  rupture  of  the  wall  of  an  alveo¬ 
lus  which  allows  the  air  to  escape,  in  this  instance,  into  the  areolar 
layer  of  the  pleura.  This  occurs  at  a  point  where,  from  some  cause, 
the  elastic  fibers  in  the  alveolar  wall  have  given  way,  possibly 
from  having  been  stretched  to  the  breaking  point. 

The  air,  having  gained  admission  into  the  areolar  layer  and  hav¬ 
ing  caused  it  to  separate  from  the  walls  of  the  underlying  alveoli, 
extends  along  the  pleura  in  the  same  manner  that  a  dissecting 
aneurysm  extends  along  the  wall  of  an  artery.  Its  extension  may 
be  arrested  where  the  septa,  which  mark  out  a  secondary  lobule, 
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leave  the  pleura  (Fig.  113) ;  it  may  extend  over  a  number  of  second¬ 
ary  lobules;  or  it  may  be  still  more  extensive,  as  described  by 
Watson. 

Blood  Vessels  of  the  Pleura.  In  the  opening  paragraph  of  this 
chapter  attention  was  directed  to  the  difference  between  lungs 
with  a  thick  pleura  and  those  with  a  thin  pleura.  This  difference 
influences  the  vascular  supply  to  the  pleura. 

In  lungs  with  a  thick  pleura,  septa  extend  from  the  pleura  into 
the  lung,  and  it  is  along  these  septa  that  branches  of  the  bronchial 
artery  reach  the  pleura.  On  reaching  the  pleura,  branches  are  given 
off  which  form  the  vasa  vasorum  of  the  lymphatics  (Fig.  79). 
Eventually  the  bronchial  artery  breaks  up  in  the  areolar  layer 
into  capillaries  which  unite  to  form  the  radicles  that  take  part  in 
the  formation  of  those  branches  of  the  pulmonary  vein  that  arise 
from  the  pleura  and  pass  along  the  septa  into  the  depth  of  the 
lung  (Fig.  54). 

If,  as  sometimes  stated,  the  capillaries  derived  from  the  bronchial 
artery  anastomose  within  the  pleura  with  the  capillaries  into  which 
the  pulmonary  artery  breaks  up,  why  is  it  that  in  the  case  of  pleural 
blebs  which  are  formed  by  a  splitting  of  the  pleura,  and  are  often 
very  extensive  (vide  Watson),  no  hemorrhage  into  the  space  occurs? 
In  such  cases  as  I  have  seen  in  which  a  bleb  contained  blood,  the 
hemorrhage  proceeded  from  a  small  branch  of  a  pulmonary  blood 
vessel  situated  in  the  substance  of  the  lung  a  short  distance  beneath, 
or  to  one  side  of,  the  bleb,  and  found  its  way  into  the  bleb  through 
the  torn  alveolar  walls  (Fig.  113). 

In  lungs  with  a  thin  pleura  there  are  no  septa  and,  consequently, 
the  distribution  of  the  bronchial  artery  to  the  pleura  is  confined  to 
a  small  zone  in  the  neighborhood  of  the  hilum.  Elsewhere  it  is  the 
pulmonary  artery  that  supplies  the  pleura  (Fig.  78). 


Chapter  X 


KEY  POINTS 

By  studying  the  various  diagrams  in  the  preceding  chapters, 
especially  Figure  54  and  Figure  92,  definite  points  can  be  recog¬ 
nized  where  certain  structures  are  constantly  found.  These  points, 
five  in  number,  I  have  designated  “Key  Points,”  because  they  are 
of  assistance  in  understanding  the  architecture  of  the  lung  (Fig. 
114:  1,  2,  3,  4,  5).  The  five  points  are  as  follows: 

(1)  The  place  where  radicles  of  the  pulmonary  vein  arise  from 
the  pleura. 

(2)  The  place  where  radicles  of  the  pulmonary  vein  arising  from 
the  distal  end  of  a  ductulus  alveolaris  join  a  venous  trunk  situated 
on  the  periphery  of  a  primary  lobule. 

(3)  The  place  where  radicles  of  the  pulmonary  vein  arising  from 
the  place  where  bronchi  or  bronchioli  divide,  join  a  larger  trunk 
which  may  or  may  not  be  situated  on  the  periphery  of  a  secondary 
lobule. 

(4)  The  distal  end  of  a  ductulus  alveolaris. 

(5)  The  place  where  a  bronchus  or  a  bronchiolus  divides. 

While  the  following  statements  are  based  on  what  may  be  found 
in  the  human  lung,  they  are  also  applicable,  with  but  slight  modi¬ 
fication,  to  all  mammalian  lungs. 

At  Point  1,  connective  tissue  septa  are  given  off  from  the  pleura; 
branches  of  the  bronchial  artery  pass  to  the  pleura  and  break  up 
into  a  network  of  capillaries;  the  small  venous  radicles  which  arise 
from  this  network  of  capillaries  unite  to  form  a  small  vein  that  passes 
along  the  septum  into  the  depth  of  the  lung;  the  lymphatics  which 
are  situated  in  the  septum  join  the  plexus  of  lymphatics  in  the 
pleura,  the  direction  of  the  lymph  flow  being  towards  the  pleura, 
as  indicated  by  the  position  of  the  valves  (Fig.  54) ;  lymphoid  tissue 
is  found;  nerve  trunks  are  often  found.  (Point  1  must  be  modified 
in  the  case  of  animals  with  a  thin  pleura,  for  no  septa  are  present.) 

At  Point  2,  the  small  vein  arising  from  the  distal  end  of  a  ductu¬ 
lus  alveolaris  joins  a  larger  trunk;  the  lymphatics  which  accom¬ 
pany  this  vein  join  the  plexus  of  lymphatics  about  the  larger  venous 
trunk;  a  small  amount  of  lymphoid  tissue  is  found. 

At  Point  3,  the  vein  arising  from  the  place  where  a  bronchus  or 
a  bronchiolus  divides,  joins  a  large  venous  trunk;  the  lymphatics 
accompanying  this  vein  join  the  lymphatic  plexus  about  the  large 
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Fig.  114. — P.,  pleura;  Br.,  bronchiolus  respiratorius  which  divides 
into  two  ductuli  alveolares  (cl. al.),  only  one  of  which  is  carried  out  in 
detail;  a. a. a.,  three  atria,  each  of  which  has  a  number  of  sacculi  alveo¬ 
lares  (s.al.),  opening  into  it  around  the  periphery  of  which  are  the 
alveoli  pulmonum,  c.  Alveoli  are  also  connected  with  the  bronchiolus 
respiratorius,  ductulus  alveolaris  and  the  atria.  A.,  pulmonary  artery 
which  divides  into  three  atrial  branches  and  each  atrial  branch  divides 
into  branches  which  are  distributed  to  the  sacculi  alveolares;  these 
latter  branches  give  origin  to  the  capillary  network  in  the  walls  of 
the  airspaces.  L.,  lymphatics;  V.,  pulmonary  vein  and  its  branches  of 
origin;  1,  2,  3,  4,  5,  the  key  points  described  in  the  text. 
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venous  trunk;  there  is  a  larger  amount  of  lymphoid  tissue  than  is 
present  at  Point  2. 

At  Point  4,  the  only  veins  found  within  the  primary  lobule  take 
their  origin.  In  young  and  middle-aged  individuals  there  is  a  small 
amount  of  lymphoid  tissue,  which  becomes  more  pronounced  in 
old  age.  The  last  of  the  lymphatics  which  accompany  the  subdivi¬ 
sions  of  the  bronchial  tree  pass,  on  the  one  hand,  to  the  veins  which 
take  their  origin  at  this  point;  on  the  other  hand,  they  form  an 
anastomosis  with  the  lymphatics  which  accompany  the  pulmonary 
artery.  The  smooth  muscle  in  the  walls  of  the  ductulus  alveolaris 
forms  a  sphincter  about  the  openings  leading  into  the  atria;  smooth 
muscle  ceases  to  be  present;  sensory  nerve  endings  are  found. 

At  Point  5,  which  may  be  wherever  a  bronchus  or  a  bronchiolus 
divides,  anastomoses  between  the  lymphatic  plexus  in  the  given 
division  of  the  bronchial  tree  and  the  plexus  about  the  pulmonary 
artery  take  place;  one  or  more  lymphatics  pass  to  the  pulmonary 
veins  which  have  their  origin  at  this  point;  lymphoid  tissue  in 
varying  amount  is  present,  and  where  the  first  two  or  three 
branches  leave  the  main-stem  bronchus,  lymph  nodes  are  found; 
sensory  nerve  endings  are  present;  cartilage,  when  present,  is 
found. 

In  addition  to  these  five  points,  attention  should  be  paid  to  the 
change  in  the  vascular  supply  of  the  final  divisions  of  the  bronchial 
tree  from  the  bronchial  artery,  to  the  pulmonary  artery.  With  the 
appearance  of  alveoli  along  the  bronchioli,  the  bronchial  artery  as 
a  nutrient  vessel  to  the  bronchial  tree  disappears;  and  the  net¬ 
work  of  capillaries  in  which  it  terminates  joins  the  network  of 
capillaries  derived  from  the  pulmonary  artery;  and  the  bronchioli 
respiratorii,  the  ductuli  alveolares,  and  the  air  spaces  connected 
with  them,  receive  their  blood  from  the  pulmonary  artery.  This 
transitional  zone  is  the  one  in  which  tubercles  are  most  prone  to 
develop.  Possibly  a  retardation  of  the  circulatory  force  at  this  point 
may  be  a  determining  factor. 

While  Figure  114  and  the  accompanying  descriptive  text  repro¬ 
duces  much  that  is  contained  in  preceding  chapters,  it  has  been 
found  that  this  condensed  form  has  proved  useful  to  students  of 
lung  structure.  The  nerves,  bronchial  artery,  and  capillaries  have 
been  omitted  to  simplify  the  diagram. 
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HISTORICAL  SKETCH 

If  the  literature  on  the  structure  of  the  lung  be  reviewed,  it  will 
be  found  that  by  many  authors  the  term  lobule  is  applied  to  those 
areaswhich  are  sharplymarked  out  byconnective  tissue  septa  in  the 
lung  of  the  ox  and  of  the  child,  but  less  distinctly  marked  out  in  the 
lung  of  adult  man.  In  some  animals,  as  for  example  the  cat  or  the 
rabbit,  this  marking  out  of  well  defined  areas  is  absent.  This  has  led 
to  much  confusion  and  authors  differ  in  their  descriptions  of  what 
constitutes  a  lobule,  some  even  beginning  their  descriptions  with  a 
secondary  lobule  and  ending  with  that  of  a  primary  lobule,  and 
vice  versa.  Still,  whatever  its  constitution,  a  lobule  is  considered  the 
unit  of  construction.  Rossignol  has  well  stated  this  fact  when  he 
says : 

Le  poumon  des  mammiferes  est  l’assemblage  d’un  grand  nombre  de  lobules 
semblables  appendus  aux  extremites  d’un  arbre  bronchique  commun.  Le 
probleme  de  la  texture  de  cet  organe  se  reduit.  done  a  determiner  celle  du 

lobule. 

In  the  following  pages  I  shall  confine  myself  to  the  arrangement 
of  the  air  spaces,  and  reproduce  in  chronological  order  some  of  the 
descriptions  and  diagrams  to  which  I  have  access. 

The  description  of  the  lung  as  given  by  Vesalius  in  1543  summed 
up  the  knowledge  of  its  structure  previous  to  and  at  his  time;  he 
says : 

Pulmonis  substantia,  caro  est  mollis,  fungosa,  rara,  levis,  aerea  ac  vetut 
ex  spumoso  sanguinie  spumave  sanguinea,  concreta,  multisque  vasorum 
germinibus  scatens. 

Rendered  into  English  it  reads:  “The  substance  of  the  lung  is  a 
soft,  spongy,  thin,  light,  airy  flesh,  as  though  composed  of  frothy 
blood  or  bloody  froth,  and  filled  with  many  branches  of  vessels.” 
This  remained  the  accepted  description  until  the  time  of  Malpighi. 

MARCELLO  MALPIGHI  (1628-94) 

Malpighi  proved  by  means  of  injections  of  mercury  into  the 
blood  vessels  that  no  communications  existed  between  them  and 
the  ramifications  of  the  bronchi.  He  was  the  first  to  recognize  the 
presence  of  pulmonary  lobules.  The  lobules,  surrounded  by  their 
proper  membrane  and  supplied  with  common  vessels,  were  at¬ 
tached  to  the  small  branches  of  the  trachea  (secondary  lobules). 
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He  described  the  parenchyma  of  the  lung  as  consisting  of  an 
assemblage  of  delicate  membranes  made  up  of  vesicles  which  were 
round  and  sinuous,  formed  by  the  terminations  of  the  bronchi,  and 
compared  them  to  the  cells  of  the  honey-comb  (Fig.  115).  All  the 
vesicles  communicated 
with  each  other,  thus 
giving  to  the  lung  a 
sponge-like  appearance. 

Malpighi  saw  vesicles 
not  only  at  the  end  of 
the  bronchi  but  also 
along  their  walls,  i.e., 
lateral  vesicles. 

Besides  the  vesicles 
which  made  up  the 
lobules  Malpighi  de¬ 
scribed  a  second  set, 
situated  in  the  interlobu¬ 
lar  tissue.  These  were 
smaller  than  the  vesicles 
of  the  lobules,  but  they 
intercommunicated  with 
each  other  and  mutually 
took  part  in  respiration. 

He  evidently  had  pro¬ 
duced  an  artificial  inter¬ 
stitial  emphysema  by 
overdistending  the  lung 
with  air. 

Malpighi  probably 
saw,  but  did  not  recog¬ 
nize,  lymphatics  in  the 
lung,  for  he  says  he  has 


seen 


u 


certain  black 


Fig.  115. — I.  Outermost  piece  of  dried  lung 
showing  the  rete.  II.  Interior  vesicles  and  si¬ 
nuses — portion  of  the  interstitium  in  the  upper 
part.  III.  Adaptation  of  various  lobules  above 
the  trachea  and  pulmonary  vessels.  (After 
Malpighi.) 


points  which  mark  out 
as  with  a  thin  line  the 
whole  extent  of  the  in¬ 
terstitial’  The  black 

lines  were  probably  pigment  deposited  along  the  lymphatics.  “The 
same  pigmentation  is  seen  in  the  glands  continued  at  the  sides  of 
the  trachea  aspera.” 

The  above  abstract  is  from  the  first  of  the  two  letters  Malpighi 
wrote  to  Borelli  on  the  structure  of  the  lung.  In  his  second  letter  he 
described  the  capillary  network  extending  between  the  artery  and 
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vein  and  so  completed  the  circulation  of  the  blood  through  a  de¬ 
finite  system  of  vessels  rather  than  the  indefinite  “porosities  of  the 
tissues”  as  described  by  Harvey. 

THOMAS  WILLIS  (1622-75) 

Willis  studied  the  structure  of  the  lung  by  injecting  independ¬ 
ently  the  bronchi  and  blood  vessels  with  mercury  or  with  various 
colored  liquids  which  easily  congealed.  He  found  that  attached  to 
the  small  branches  (bronchi)  of  the  “aspera  arteria”  (trachea) 
there  were  “little  lobes”  and  that  the  interspaces  between  these 
little  lobes  were  filled  with  a  “Membrane.”  In  other  words,  he 
recognized  what  are  now  termed  the  secondary  lobules  of  the  lung 
(Fig.  116).  On  cutting  open  one  of  the  leaf-like  little  lobes  he  found 
that  after  the  bronchial  twig  with  which  it  was  connected  had  pene¬ 
trated  into  its  interior,  it  broke  up  into  a  large  number  of  finer 
branches  which  bore  on  their  terminations  minute  bladders  or 
ampullae  (Fig.  116).  These  bladders  did  not  communicate  with 
each  other  as  was  the  case  with  the  vesicles  of  Malpighi’s  figure, 
neither  did  they  possess  the  polygonal  form  given  them  by  Mal¬ 
pighi,  but  they  were  separate,  independent  structures.* 

Besides  these  little  bladders,  Willis  described  in  the  interspaces 
between  the  little  lobes  “certain  little  bladders,  transparent  and 
very  thin,”  the  purpose  of  which  he  explains  as  follows: 

Perhaps  its  may  be  that  these  little  places  or  empty  spaces  within  the 
lungs  are  certain  recepticals  of  the  air  (in  order  that  there  may  be  a  larger 
store  of  it).  Nevertheless,  it  is  quite  evident  from  frequent  experiments 
that  air  blown  into  the  trachea  (which  is  the  only  entrance  into  the  lung) 
does  not  enter  or  blow  up  these  interspaces  of  the  little  lobes.  On  the 
other  hand,  if  you  blow  into  the  hole  of  any  of  these  interspaces,  all  of 
these  spaces  in  the  entire  lobe  of  the  lung  become  immediately  distended, 
in  so  much  that  all  the  little  lobes  are  made  more  distinct  by  the  increased 
interval  between  them. 

In  another  place  he  says  that  if  one  make  a  small  hole  in  “one 
of  these  interspaces  with  the  point  of  a  knife,  and  blow  into  it 
through  a  pipe,  presently  that  whole  lobe  will  be  very  much  dis¬ 
tended,  every  interspace  being  puffed  up.”  By  this  procedure  Willis 
produced  an  artificial  interstitial  emphysema. 

Willis  also  recognized  what  are  now  termed  bronchioli  respi- 
ratorii,  for  he  found  small  non-cartilaginous  bronchi  that  had  in 
the  interstices  between  certain  ligaments  (smooth  muscle  bands?) 

*  I  have  given  the  common  translation  “vesicle”  to  the  Latin  word  vesicula  in 
connection  with  the  work  of  Malpighi,  but  have  used  the  more  literal  translation 
“little  bladder”  in  connection  with  the  work  of  Willis  because  it  is  the  term  used 
by  contemporary  translators  of  his  work. 
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Fig.  116. — A  lobe  of  the  lung  showing  its  subdivisions.  A:  Main- 
stem  bronchus.  D:  Bronchus  passing  to  the  subdivisions  of  the  lobe. 
G:  The  secondary  or  little  lobes  within  which  the  “little  bladders” 
are  situated.  These  are  arranged  along  the  bronchus  which  enters  the 
little  lobe  in  the  same  manner  as  the  little  lobes  are  arranged  along  D. 
The  small  figure  in  the  upper  right  shows  how  the  little  lobes  appear 
when  the  membranous  interspaces  are  blown  up  with  air.  (From  T. 
Willis.) 
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“small  bladdery  little  cells”  ( celiulas  vesicular  es) .  He  quite  aptly 
compares  these  bronchioli  to  the  colon  of  a  mouse  ( muris  cola 
intestino). 

The  advance  made  by  Willis  over  the  work  of  Malpighi  consisted 
in  the  recognition  of  definite  areas  within  the  lung,  surrounded 
by  connective  tissue,  which  contained  the  finer  ramifications  of  the 
bronchi,  each  ultimate  ramification  bearing  on  its  extremity  a 
“little  bladder.”  These  little  bladders  were  entirely  independent 
of  each  other  and  differed  from  the  polygonal  cells  of  Malpighi 
which  communicated  with  each  other. 

Accompanying  these  areas,  or  little  lobes,  were  branches  of  the 
pulmonary  artery  and  pulmonary  vein,  nerves,  and  lymphatics. 
Willis  had  worked  out,  so  far  as  the  methods  at  his  command  would 
permit,  a  unit  of  construction  which  also  included  the  gross  dis¬ 
tribution  of  the  bronchial  artery. 

FRANZ  DANIEL  REISSEISEN  (1778-1828) 

The  work  of  Willis  was  quickly  forgotten  and  I  have  not  been 
able  to  discover  any  further  original  work,  accompanied  by  illus¬ 
trations  of  the  structure  of  the  lung,  until  the  time  of  Reisseisen. 
He  received  the  first  prize  of  the  Royal  Academy  of  Berlin  for  his 
dissertation  on  the  Structure  of  the  Lung.  This  was  first  published, 
without  illustrations,  in  1808;  in  1822  a  beautifully  illustrated  edi¬ 
tion  was  issued  under  the  direction  of  K.  A.  Rudolphi,  which  con¬ 
tained  parallel  columns  of  German  and  Latin  text,  the  latter  by 
J.  F.  C.  Hecker.  At  the  same  time  that  Reisseisen  received  the  first 
prize  v.  Sommering  received  the  second  prize,  but  unfortunately 
his  dissertation  was  never  issued  with  illustrations. 

In  the  meantime  notable  theoretical  discussions  had  been  pub¬ 
lished  by  Helvetius  (1718)  and  by  Haller  (1761),  the  main  question 
being  the  existence  of  the  system  of  vesicles  described  by  Malpighi. 
Helvetius  denied  their  existence  and  described  the  lung  as  consist¬ 
ing  of  cellular  tissue  derived  from  the  pleura  “in  which  the  air 
brought  by  the  ramifications  of  the  bronchi  is  diffused  in  the  same 
manner  as  the  blood  is  diffused  in  the  spleen  of  the  sheep  or  in  the 
corpora  cavernosa.”  Haller  supported  Helvetius  in  some  of  his 
contentions  but  states  that  the  theory  of  Helvetius  was  not  gen¬ 
erally  accepted  and  that  the  existence  of  air  vesicles  as  described 
by  Malpighi  was  the  prevailing  opinion.  With  this  digression  we 
will  now  return  to  the  work  of  Reisseisen. 

Reisseisen  followed  the  method  introduced  by  Willis  and  in¬ 
jected  mercury  into  the  bronchi.  He  chose  for  his  study  the  mar¬ 
gins  of  the  lung.  By  careful  pressure  with  the  handle  of  his  scalpel 
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he  caused  the  mercury  to  appear  at  the  thin  border  of  the  lung. 
When  this  was  examined  under  a  dissecting  lens  he  noted  that 
“the  mercurial  column  divided  quite  regularly  into  cylindrical 
branches  which  became  proportionally  finer,  more  numerous, 
denser,  and  shorter,  until  they  reached  the  margin  of  the  lung, 
where  they  appeared  as  hemispherical  elevations  beneath  the 
pleura”  (Fig.  117). 

He  placed  a  portion  of  the  margin  of  the  lung,  prepared  as  de¬ 
scribed  in  the  preceding  paragraph,  between  two  pieces  of  glass, 
and,  after  applying  careful  pressure  until  the  mercury  was  driven 
to  the  extreme  end  of  the  bronchi,  examined  it  under  the  micro- 


Fig.  117. — Bronchi  showing  that  their  endings  had  a 
hemispherical  appearance.  (Reisseisen.) 


scope  and  found  that  the  terminal  branches  were  so  short  that 
they  had  a  hemispherical  appearance  (Fig.  117). 

In  another  place  he  describes  the  bronchi  as  constantly  giving 
off  new  branches  “which  became  proportionally  narrower,  finer, 
and  more  numerous,  until  finally,  on  the  most  extreme  divisions 
of  the  branching,  they  terminated  in  a  blind  ending.”  From  this 
he  concludes  that  all  the  branches  of  the  bronchi  terminate  as 
blind  endings  and  that  it  is  the  sum  total  of  these  blind  endings 
that  constitutes  the  so-called  vesicles  of  the  lung. 

This  is  practically  a  revival  of  the  description  given  by  T.  Willis. 
It  differs  from  it,  however,  in  that  Reisseisen  gives  to  the  bronchi 
blind,  cylindrical  endings,  while  Willis  described  them  as  ending 
in  “little  bladders.” 
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EVERARD  HOME  (1763-1832) 

Home  did  not  agree  with  either  Willis  or  Reisseisen  in  their  state¬ 
ments  that  the  bronchi  ended  either  in  a  saccular  dilatation  or 
blindly.  He  says:  “The  cells  of  the  human  lungs  are  not  dilatations 

of  the  bronchial  tubes,  but 
are  regular  cells  in  which 
the  tubes  terminate.”  His 
description  is  somewhat 
vague  and  his  illustrations 
still  more  so.  He  evidently 
returned  to  the  theory  of 
Malpighi,  for  he  says.  “The 
substance  of  the  lungs,  in¬ 
terstitial  to  the  cells,  when 
dried  became  transparent, 
and  was  found  to  be  com¬ 
posed  of  a  smaller  order  of 
cells,  with  transparent 
coverings,  that  freely  com¬ 
municated  with  one  an¬ 
other,  as  well  as  with  the 
cavity  of  the  large  cell  they 
surrounded”  (Fig.  118). 

AUGUST  LEREBOULLET 
(1804-65) 

The  trachea  divides  and 
subdivides  into  numerous 
branches  and  their  sub¬ 
divisions,  which  terminate 
in  culs-de-sac  without  ex- 

The  cells,  or  rather  the  terminal  capsules,  are  very  numerous. 
They  are  distinct  from  one  another  and  do  not  communicate, 
except  through  the  bronchial  canal,  of  which  they  are  the  termi¬ 
nation. 

The  union  of  a  certain  number  of  bronchial  ramuscles  proceeding 
from  a  single  branch  forms  the  pulmonary  lobule,  and  these  lobules 
by  their  agglomerations  constitute  the  lobes  of  which  the  organ  of 
respiration  is  composed  (Fig.  119). 

P.  A.  E.  BAZIN  (1807-78) 

Bazin  confirmed  the  observations  of  Reisseisen.  He  found  that 
cellular  or  vesicular  tissue  in  which  the  bronchi  were  considered 


Fig.  1 18.— Shows  the  structure  of  the  hu¬ 
man  lung  immediately  surrounding  the  air 
cells.  The  interstitial  substance  between  the 
cells,  Home  says,  consists  of  small  cells 
everywhere  opening  into  one  another  and 
communicating  with  the  large  ones.  The  ar¬ 
teries  and  veins  injected.  The  veins  are 
shown  in  solid  black  and  a  portion  of  the 
wall  of  the  artery  has  been  removed.  Lym¬ 
phatics  indicated  by  the  string  of  oval  bead¬ 
like  bodies.  (Home.) 

periencing  any  sensible  dilatation. 
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to  terminate  was  only  the  continuation  of  the  successive  ramifica¬ 
tions  of  the  bronchi  themselves. 

He  disagreed  with  the  theory  advanced  by  Bourgery  that  the 
bronchi  terminated  in  a  series  of  branching  and  anastomosing 
canals  designated  by  Bourgery  “labyrinthal  canals.”  On  the  con¬ 
trary,  he  found  that  the  bronchi,  after  numerous  divisions  and  sub¬ 
divisions,  terminated  by  giving  rise  to  short  branches  which  ter- 


Fig.  119. — Enlargement  of  a  portion  of 
Lereboullet’s  Figure  2. 

minated  in  culs-de-sac.  “  These  are  the  extremities  of  the  ramifica¬ 
tions,  and  it  is  the  enlargements  that  they  present  when  they  are 
distended,  that  the  majority  of  the  anatomists  have  taken  for  cells 
or  vesicles.” 


MARC  JEAN  BOURGERY  (1797-1849) 

Bourgery  disagreed  with  Bazin  and  opposed  the  description  of 
the  finer  structure  of  the  lung  as  expounded  by  Willis  and  Reiss- 
eisen.  He  did  not  believe  that  there  were  any  vesicles  in  the  lung, 
but  that  there  existed  a  series  of  canals  which  anastomosed  with 
each  other.  “There  does  not  exist  in  the  lung  either  cells  or  vesicles, 
but  aerial  capillary  canals.  .  .  .  The  aerial  capillary  is  not  a  cellule 
or  vesicule,  but  a  canal .”  From  this  thesis  he  developed  an  entirely 
novel  and  original  theory. 

These  canals,  whatever  their  reference  to  the  pleura,  the  inclination 
of  the  section  upon  which  one  observes  them,  appear  equally  varied  in 
direction.  .  .  .  All  these  canals  are  very  tortuous  and  inosculate  at  the 
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extremities  and  upon  their  contour  the  one  in  the  other  by  a  great  number 
of  orifices  (Fig.  120). 

No  canal  gives  the  idea  of  a  cul-de-sac  or  caecum.  .  .  .  These  canals 
.  .  .  give  the  idea  of  a  space  well  divided  into  thousands  of  tortuous 

branches,  incessantly  con¬ 
tinuous  within  itself,  and 
where  there  is  nothing  ter¬ 
minal  except  the  orifice  of 
entry,  where  the  outlet  is 
found  likewise  brought 
back;  it  is,  in  a  word,  the 
picture  of  a  true  labyrinth. 
It  is  this  which  has  made  me 
name  these  conduits  aerif- 
erous  labyrinthal  canals. 


Fig.  120. — Termination  of  a  bronchial  canal 
which,  if  it  were  injected  with  mercury,  would 
reproduce  the  coeca  in  the  trefoil  of  Reisseisen. 
a.,  bronchial  capillary  canal;  b.,  its  continua¬ 
tion;  c.c.c.,  trifid  sinus,  opening  into  the  laby¬ 
rinthal  canals.  Pulmonary  artery  indicated  by 
oblique  lines.  Pulmonary  vein  stippled.  X22. 


JOACHIM  ALBIN 
GIRALDES  (1808-75) 

Giraldes  studied  the 
lung  by  means  of  mace¬ 
ration,  dissection  and 
corrosion,  and  reached 
the  conclusion  “that  the 
bronchi  do  not  commu¬ 
nicate  with  each  other, 
that  the  disposition  in 
the  form  of  a  labyrinth 
does  not  exist,  and  con¬ 
sequently  that  the  opin¬ 
ion  of  M.  Bourgery  is 
not  true.”  In  this  state¬ 
ment  he  supports  the 
opinions  expressed  by 
Reisseisen  and  by  Bazin. 


THOMAS  ADDISON  (1793-1860) 

Addison  examined  the  structure  of  the  lung  in  every  possible 
way  he  could  devise,  yet  he  always  failed  to  find  any  bronchial 
tubes  ending  in  culs-de-sac;  on  the  other  hand,  he  always  saw  air 
cells  communicating  with  each  other  in  every  section  he  made. 
“The  bronchial  tubes,  after  dividing  into  a  multitude  of  minute 
branches  which  take  their  course  in  the  cellular  interstices  of  the 
lobules,  terminate  in  their  interior  in  branched  air-passages  and 
freely  communicating  air-cells”  (Fig.  121). 
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Addison  comments  on  the  synonymous  use  of  the  terms  “ air- 
vesicles”  and  “air-cells”  and  says  that  “strictly  speaking,  an  air- 
vesicle  is  an  air-bubble*  and  may  exist  either  in  or  out  of  a  pulmo¬ 
nary  cell.”  In  fetal  lungs  neither  air-bubbles  nor  air-cells  exist; 
but  with  the  establishment  of  respiration  the  air  drawn  into  the 
lungs  inflates  all  the  lobules  to  two  or  three  times  their  previous 
size,  and  the  intralobular  bronchial  ramifications  undergo  a  very 
important  change.  The  walls  of  these  bronchial  ramifications  are 


Fig.  121. — Intralobular  bronchial  ram¬ 
ifications,  partially  inflated  and  highly 
magnified,  (a).  Cul-de-sac  terminations 
lying  against  the  lateral  inflations  of 
adjoining  branches,  (b,  b,  c).  The  multi- 
locular  culs-de-sac  at  the  surface  of  a  lob¬ 
ule.  (Addison.) 


Fig.  122. — Shows  the  cells  formed 
upon  the  intralobular  bronchial 
branches,  with  polyhedric  figures 
formed  by  pressure.  (Addison.) 


very  delicate  and  oppose  an  unequal  degree  of  resistance  to  the 
pressure  of  the  air,  “which  is  very  considerable,  and  it  [they]  is  con¬ 
sequently  distended  into  little  globular  inflations,  forming  a  series 
of  communicating  cells,  which  are  immediately  and  permanently 
occupied  by  air-bubbles,  in  the  mass  of  which  all  trace  of  the  sym¬ 
metry  of  their  branched  arrangement  is  lost  or  obscured.”  The  mu¬ 
tual  compression  exerted  by  the  globular  inflations  of  one  branch 
on  those  of  adjoining  branches  causes  them  to  assume  a  pentagonal 
or  hexagonal  form  (Fig.  122). 


GEORGE  RAINEY  (1801-84) 

Rainey  describes  the  lungs  as  being  made  up  of  bronchial  tubes, 
bronchial  intercellular  passages,  and  air  cells.  The  bronchial  tubes 


*  Italics  mine.  W.S.M. 
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ramify  in  the  substance  of  the  lungs  and,  “in  the  human  lung, 
having  arrived  within  about  one-eighth  of  an  inch  of  its  surface, 


/ra  / 


* 


Fig.  123. — Rainey’s  Description  of  his  figures.  Fig.  1. 

Shows  the  abrupt  termination  of  a  bronchial  tube  in  a 
bronchial  intercellular  passage,  (a)  The  bronchial  mem¬ 
brane.  (b)  The  opening  of  an  air  cell  into  a  bronchial  tube 
with  the  capillaries  surrounding  it.  Fig.  2.  The  course  and 
termination  of  a  bronchial  intercellular  passage,  (aa)  Its 
commencement  and  termination,  (b)  An  air  cell  opening 
into  it.  The  existence  of  a  difference  in  structure  between 
the  membrane  lining  the  bronchi  and  that  lining  the  air 
cells  was  long  ago  inferred  and  insisted  upon  by  Dr.  Addi¬ 
son  and  others  from  pathological  considerations,  but,  I  be¬ 
lieve,  the  fact  has  not  been  demonstrated.  (Rainey.) 

the  (lining)  membrane  terminates,  but  somewhat  abruptly  (Fig. 
123),  after  which  the  passages  conducting  the  air  continue  in  the 
same  direction  as  the  bronchial  tubes,  of  which  they  are  the  con- 
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*  J ) 

mg. 

The  bronchial  intercellular  passages  are  at  first  of  a  circular 
form  and,  like  the  bronchial  tubes,  do  not  communicate  with  many 
air  cells;  but  as  they  approach  the  surface  of  the  lobule,  the  number 
keeps  increasing,  and  at  length  these  openings  of  communications 
are  so  numerous,  and  so  near  together,  that  the  intercellular  pas¬ 
sage  loses  altogether  its  circular  figure  and  becomes  reduced  to  an 
irregularly  shaped  passsage,  running  between  the  air  cells  and  com¬ 
municating  with  them  in  all  directions;  lastly,  having  arrived  close 
to  the  surface  of  a  lobule,  it  terminates  in  an  air  cell,  which  is  not 
dilated,  as  stated  by  Reisseisen,  but  has  about  the  same  diameter 
as  the  passage  of  which  it  is  the  continuation  (Fig.  123). 

“The  air  cells  which  are  situated  close  to  the  bronchial  tubes,  or 
intercellular  passages,  open  into  them  by  large  circular  apertures, 
whilst  those  which  are  placed  further  from  these  passages  com¬ 
municate  with  them  through  the  medium  of  other  cells.  ...  As 
these  openings  are  not  necessarily  in  a  straight  line,  the  exact 
quantity  of  cells  which  communicate  can  not  in  this  manner  be 
determined,  but  the  number  will  depend  upon  the  distance  which 
intervenes  between  any  given  part  of  a  bronchial  passage  and  the 
surface  of  a  lobule;  so  that,  when  a  bronchial  passage  arrives  near¬ 
est  the  surface,  it  will  be  separated  from  it  only  by  a  terminal  cell.” 

The  parenchyma  of  the  lung,  according  to  Rainey,  is,  therefore, 
largely  made  up  of  intercommunicating  air  cells  which  are  destitute 
of  an  epithelial  lining. 

HIPPOLYTE  ROSSIGNOL  (1815-70) 

Having  noted  the  fact  that  just  beneath  the  pleura,  in  sections 
cut  from  a  blown-up  and  dried  lung,  there  can  be  seen,  when  ex¬ 
amined  with  a  low  power  lens,  numerous  small  cavities  which  are 
separated  from  each  other  by  fine  walls,  while  in  the  thicker  and 
more  deeply  situated  portion  of  the  section  these  cavities  are 
arranged  in  groups,  which  vary  in  number  and  are  surrounded  by 
thicker  walls,  Rossignol  goes  on  to  say  that  he  will  continue  the 
critical  examination  of  the  section  before  demonstrating  one  of 
the  most  important  arrangements  of  the  aerial  apparatus. 

“I  have  remarked  that  near  the  border  of  the  section,  that  is  to 
say,  where  it  is  the  thinnest,  there  exist  only  pulmonary  alveoli  ad¬ 
jacent  to  each  other,  without  marked  traces  of  the  large  cavities 
which,  in  reality,  enclose  them  in  more  or  less  numerous  groups, 
while  in  the  thickest  places  these  cavities  are  very  visible.  This 
follows  since  the  walls  of  these  last  diminish  in  thickness  in  pro¬ 
portion  as  they  approach  the  surface  of  the  lung,  and  there  end 
by  being  no  longer  differentiated  from  the  alveolar  walls  which 
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seem  to  continue  them.  In  order  to  be  convinced  it  suffices  to  ob¬ 
serve  the  pulmonary  section  where  these  kinds  of  openings  com¬ 
mence.  One  sees  then  evidently  that  here  are  the  external  sides 
of  these  alveolar  groups,  without  having  much  more  thickness 
than  the  other  sides,  and  in  place  of  stopping  as  these  do  at  a 
certain  height,  they  continue  indefinitely  in  thickening  themselves 


Fig.  124. — Thin  section  from  the  pleural  surface  of  the  lung  of  the  cat.  At 
the  borders  of  the  section  only  isolated  alveoli  are  seen;  in  the  center,  where 
it  is  somewhat  thicker,  the  alveoli  are  enclosed  in  the  infundibula,  where  they 
rise  up  from  the  bottom  of  them  as  so  many  terminal  cells.  The  spaces  or  walls 
which  separate  the  infundibula  are  marked  by  depressions,  irregular  and  more 
or  less  pronounced,  which  are  the  origin  of  many  alveoli.  These  last  rest  upon 
the  external  walls  of  the  subpleural  infundibula  and  are  enclosed  likewise  in  the 
infundibula,  in  the  same  manner  as  one  observes  when  the  section  has  a  little 
more  thickness  than  the  one  illustrated.  (After  Rossignol.) 

more  and  more  and  in  this  manner  constitute  the  great  cavities 
(Fig.  124). 

“From  where  they  arise  they  effect  a  polygonal  form,  but  more 
nearly  approach  a  circular  form  than  the  alveoli.  In  proportion  as 
they  become  deeper  (in  the  lung)  one  observes  that  their  orifices  at 
the  surface  of  the  section  become  more  and  more  round  and  con¬ 
tract  considerably,  so  that  they  represent  very  well  a  hollow 
truncated  cone  or  a  kind  of  funnel  whose  large  extremity  should 
rest  upon  the  pleura.  To  shorten  the  description  and  make  it  more 
intelligible,  I  will  designate  these  cavities  under  the  name  of  in¬ 
fundibula  or  funnels.  .  .  .  The  infundibula  or  terminations  of  the 
bronchial  ramifications  constitute  one  of  the  most  important  parts 
in  the  minute  structure  of  the  lung.  No  anatomist  has  noticed  or 
even  suspected  the  existence  of  them. 
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“Each  of  these  infundibula  represents  a  small  sac  more  or  less 
conical  in  shape,  its  internal  surface  partitioned  off  by  numerous 
alveoli,  having  but  a  single 
opening  of  communication 
with  the  external  air.  It  is 
on  a  small  scale  the  repre¬ 
sentation  or  the  exact  re¬ 
production  of  the  reptilian 
lung,  and  especially  of  that 
of  the  batrachians.  So  that 
the  human  lung,  looked  at 
from  this  point  of  view, 
may  be  defined  as  the  as¬ 
semblage  or  concentration 
of  innumerable  small  lungs, 
like  those  of  reptiles,  and 
bound  together  by  means 
of  a  common  bronchial 
tree”  (Fig.  125). 

I  have  made  this  lengthy 
abstract  of  Rossignoks  es¬ 
say,  because  it  contains  the 
original  description  and  fig¬ 
ure  of  an  infundibulum. 

JACOB  MOLESCHOTT 
(1822-93) 

Moleschott  does  not 
agree  with  Reisseisen  that 
the  bronchial  tubes  termi¬ 
nate  by  rounded  extremi¬ 
ties,  nor  with  Willis  that 
they  terminate  in  culs-de- 
sac  with  dilated  extremities. 

He  supports  the  statement 
of  Malpighi  that  not  only 
are  there  vesicles  on  the  ex¬ 


Fig.  125. — Mode  of  termination  of  a 
bronchial  branch  in  the  lung  of  the  dog.  The 
infundibula,  their  tube  of  reunion,  the  ter¬ 
minal  alveoli  and  the  parietal  alveoli  are 
shown,  a,  two  neighboring  infundibula 
united  by  the  thinning  of  the  wall  which 
separates  them;  b,  tube  of  union  of  the  in¬ 
fundibula,  or  the  last  but  one  bronchial  di¬ 
vision.  The  infundibulum  placed  over  the 
ramification  indicates  the  manner  in  which 
these  dilatations  fill  the  intervals  that  the 
aerial  canals  leave  between  them;  c,  an  in¬ 
fundibulum  which  opens  separately  into  a 
bronchial  tube.  In  this  aerial  dilatation  one 
can  note,  what  one  observes,  however,  very 
frequently,  that  the  interalveolar  walls  do 
not  all  have  the  same  height.  This  inequal¬ 
ity  is  only  seen  well  with  a  magnification  of 
50  to  60  diameters;  it  produces  in  the  alveoli 
of  the  lungs  of  man  a  disposition  analagous 
to  that  which  one  observes  in  the  cells  of  the 
lungs  of  reptiles,  of  which  the  larger  ones 
seem  to  contain  others,  smaller  and  of  less 
height.  (After  Rossignohs  Fig.  7.) 


tremities  of  the  bronchial  tubes,  but  there  are  also  vesicles  which 
open  into  them  along  their  lateral  walls  (Fig.  126).  Moleschott 
evidently  saw  longitudinal  sections  of  bronchioli  respiratorii  or 
ductuli  alveolares  and  recognized  the  alveoli  connected  with  them 
though  he  did  not  give  to  them  their  modern  names.  The  vesicles 
connected  with  the  bronchial  tubes  are,  he  says,  smaller  and  more 
irregular  than  the  vesicles  of  the  lung  itself.  He  was  never  able 
to  find  any  communication  between  neighboring  vesicles  except 
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that  by  which  they  were  connected  with  the  bronchial  tube. 

Rossignol,  in  commenting  on  the  work  of  Moleschott,  says  Mole- 
schott  did  not  after  all  see  lateral  vesicles;  but  Rossignol  misinter¬ 
prets  Moleschott  and,  it  seems  to  me,  does  not  have  as  compre¬ 
hensive  an  idea  of  the  lung  as  Moleschott. 


Fig.  126. — Section  from  the  lung  of  a  full-term  child. 
It  shows  a  bronchiolus  with  which  are  connected  parie¬ 
tal  (b)  and  terminal  (a)  vesicles.  (Moleschott.) 


LOUIS  MANDL  (1812-81) 

Mandl  injected  the  lung  with  gelatin;  when  dry,  he  cut  thin 
slices,  moistened  them  with  water  and  examined  them  under  the 
microscope.  For  the  best  results  it  was  necessary  to  have  longi¬ 
tudinal  sections  which  included  a  terminal  bronchus.  Such  sections, 
he  says,  are  somewhat  difficult  to  obtain.  This  studying  of  single 
sections  which  cut  a  bronchus  longitudinally,  explains  many  of  the 
misconceptions  made  by  authors. 

No  single  section  tells  the  whole  story;  still,  Mandl  made  several 
observations  whichfrhave  stood  the  test  of  time.  He  said:  “Lateral 
and  terminal  vesicles  never  communicate  except  through  their 
common  bronchus  and  never  communicate  with  the  intercellular 
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vessel;  d.,  projecting  wall  of  the  vesicles.  (After  Mancll,  Fig.  2.) 


Fig.  128. — From  an  injected  lung  of  a  newborn 
child;  a.,  lobules;  b.,  terminal  and  lateral  vesicles; 
c.,  capillary  vessels;  d.,  three  or  four  terminal  vesi¬ 
cles,  viewed  from  above.  (After  Mandl,  Fig.  4.) 
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connective  tissue. ”  Again,  “one  often  sees  the  wall  of  a  lateral 
vesicle  continuous  for  a  certain  distance  into  the  interior  of  the 
terminal  bronchus  and  thus  form  an  isolated  protuberance”  (Fig. 
127).  Had  he  made  use  of  serial  sections,  he  would  have  understood 
the  significance  of  this  protuberance.  Mandl  found,  on  making 
colored  injections,  “some  lobules,  which  press  against  each  other, 
suspended  from  a  common  trunk  and  composed  of  a  collection  of 
vesicles;  in  a  word,  a  structure  analagous  to  a  lobulated  gland” 
(Fig.  128). 


ARIUS  ADRIANI  (?-?) 

In  his  general  description  of  the  lung  Adriani  agrees  with  Ros- 
signol.  He  accepts  the  name  infundibulum,  introduced  by  Ros- 

signol,  and  so  designates 
the  final  terminations  of 
the  bronchial  tubes.  (Fig. 
129.)  He  also  describes 
alveoli  as  being  connected 
not  only  with  the  infundi¬ 
bula,  but  also  with  the 
walls  of  the  bronchial  tubes 
just  before  they  end  in  the 
infundibula;  these  alveoli 
open  respectively  into  the 
infundibula  or  into  the 
bronchial  tubes.  Each  in¬ 
fundibulum  has,  not  in¬ 
aptly,  been  compared  to  a 
frog’s  lung  in  miniature. 

Rossignol  failed  to  find,  in  normal  lungs,  any  communication  be¬ 
tween  adjoining  alveoli;  when  such  communications  were  seen  he 
considered  them  pathological.  On  the  other  hand,  Adriani  thought 
differently,  for  he  says:  “It  becomes  a  most  important  question 
whether  the  neighboring  alveoli,  according  to  Rossignol,  only  com¬ 
municate  with  each  other  by  means  of  the  branch  with  which  they 
are  connected,  or  whether  they  also  communicate  by  other  lateral 
openings.  We  consider  the  opinion  of  Rossignol  without  doubt  false, 
since  we  have  seen  most  minute,  round,  and  elliptical  openings  in 
other  lungs,  and  most  clearly  in  those  of  Cervus  elephus  (red 
deer),  by  means  of  which  a  communication  is  established  between 
neighboring  infundibula.”  This  is  the  first  description  of  alveolar 
pores,  and  from  the  time  of  Adriani  until  the  present,  it  has  proved 
an  interesting  topic  for  study  or  discussion  (see  page  64). 


Fig.  129. — Pleural  surface  of  the  human 
lung,  indicating  the  lobules  in  shaded  out¬ 
line,  and  the  air  cells  a,  a.  (After  Adriani.) 
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ERNESTUS  SCHULTZ  (?-?) 

Accepting  the  description  of  Sommering,  Schultz  says  that  the 
subdivision  of  the  bronchi  within  the  lung  is  “arboreal”  rather  than 
dichotomous  as  stated  by  Krause  and  others. 

If  a  complete  cross-section  that  is  very  thin  and  of  uniform 
thickness  be  cut  from  a  dried  lung  and  examined  under  the  micro- 


Fig.  130. — Thin  section  from  a  lung  which  was  blown  up  with  air  and  dried. 
Schultz  had  a  ver}^  comprehensive  idea  of  lung  structure.  For  description  of 
figures,  see  text. 

scope,  we  see  an  irregular  network  (Fig.  130),  whose  meshes  form  a 
series  of  openings.  The  larger  are  elliptical  (a)  and  the  smaller  ones 
are  round  (1)  or  have  rounded  angles.  From  the  edges  of  the  larger 
openings  denticulated  processes  (s)  curve  in  towards  the  interior 
of  the  opening;  where,  as  often  happens,  large  openings  have  a 
common  wall,  these  processes  are  given  off  from  either  side  in  a 
more  or  less  alternate  manner.  Furthermore,  these  large  elliptical 
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openings  have  a  narrower  end  and  not  rarely  it  passes  on  into  a 
still  narrower  passage  of  greater  length  (c),  whose  edges  have  the 
same  nature  as  the  edges  of  the  larger  openings  and,  like  them, 
send  out  denticulate  processes  (s')-  Occasionally  there  may  be  seen 
openings  that  are  wider  or  narrower,  round  (f),  or  more  protracted 
in  length  (e'),  the  latter  often  lying  next  to  the  former.  All  these 
openings  are  surrounded  by  heavier  walls  which  vary  in  thickness 
with  the  diameter  of  the  opening.  The  surface  of  these  openings 
turned  toward  the  lumen  is  smooth.  Some  of  the  larger  openings 
contain  cartilaginous  plates  (g).  Other  openings  (h)  are  seen,  being- 
larger  or  smaller  in  size,  and  surrounded  by  a  band  which  varies 
in  thickness,  marked  with  irregular  furrows  and  tinged  yellow  white 
in  color,  and  never  communicate  with  the  openings  surrounded  by 
the  thinner  outlines. 

Finally,  there  are  seen  everywhere  tracts,  irregular  in  form  and, 
size  (i),  which  correspond  to  the  tissue  surrounding  the  openings 
just  described.  Enclosed  in  these  tracts  there  are  areas  of  pig¬ 
mentation  (m)  of  greater  or  less  size.  More  frequently,  when  sec¬ 
tions  are  cut,  lamellae  of  uneven  thickness  are  obtained,  which 
give  modifications  of  the  miscroscopic  image  just  described.  The 
large  openings  with  thin  walls  (a,  b)  seem  to  be  missing,  but  the 
smaller  round  ones  appear  in  great  numbers  and  situated  close  to 
one  another  (n).  Moreover,  the  lumina  of  these  openings  appear  to 
be  full  of  a  transparent,  glass-like  membrane.  When  the  focus  of 
the  microscope  is  moved  up  and  down,  this  membrane,  which 
closes  the  small  round  openings,  appears  in  some  of  the  openings 
to  be  curved  towards  the  observer,  in  others  away  from  the  ob¬ 
server.  (In  other  words,  Schultz  saw  the  thin  walls  of  the  alveoli, 
sometimes  from  above,  sometimes  from  below.) 

In  his  summing  up,  Schultz  recognizes  the  difference  between 
sections  of  blood  vessels  (h)  and  bronchi  (f).  He  also  recognizes  that 
the  large  hollow  spaces  (a)  are  continuous  with  a  narrow  canal 
(d)  which  has  the  same  characteristic  walls.  The  large  openings 
(a)  he  calls,  as  did  Rossignol  and  Adriani,  infundibula;  the  smaller 
openings,  alveoli.  The  alveoli  situated  on  the  blind  end  of  the 
infundibula  he  calls  terminal  alveoli;  the  others,  lateral  or  parietal 
alveoli.  The  passage  which  connects  the  infundibulum  with  the 
bronchiolus  he  call  the  petiole.  “All  the  alveoli,  both  of  the  in¬ 
fundibula  and  of  the  petioli,  have  no  direct  connection  with  one 
another,  but  only  through  a  common  hollow  body,  of  which  they 
are,  as  it  were,  parts. ”  In  this  statement  Schultz  directly  opposes 
Adriani,  who  had  said  that  there  were  direct  communications 
(pores)  between  adjoining  infundibula. 

Schultz  does  not  agree  with  Huschke  when  he  says  that  each 
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infundibulum  is  surrounded  with  a  layer  of  connective  tissue;  on 
the  contrary,  he  found  that  there  are  polygonal  areas,  which  in¬ 
clude  groups  of  infundibula  with  their  accompanying  bronchioles 
and  blood  vessels,  that  are  surrounded  by  connective  tissue.  These 
groups,  into  which  a  branch  of  the  bronchus  enters,  vary  in  size 
and  collectively  form  the  lobules. 

RUDOLPH  ALBERT  KOLLIKER  (1817-1905) 

After  stating  that  the  finest  divisions  of  the  bronchi  terminate 
in  a  group  of  air  cells  rather  than  in  a  single  vesicle,  as  stated  by 
Rossignol,  and  that  this  group  of 
air  cells  constitutes  a  lobule,  Kol- 
liker  says  “there  is  no  occasion 
whatever  to  designate  them  under 
any  other  name,  as  was  done  by 
Rossignol,  who  calls  them  in¬ 
fundibula.” 

In  the  child  these  lobules  (pri¬ 
mary  lobules)  are  more  distinct 
than  in  the  adult.  In  the  adult 
these  lobules  vary  from  one-fourth 
of  a  line  to  one  line  in  size,  but  are 
so  closely  blended  that,  even  on 
the  surface  of  the  lung,  their  out¬ 
lines  can  with  difficulty  be  made 
out.  In  the  interior  of  the  lung 
they  have  a  more  homogeneous 
character,  resembling  the  liver. 

On  the  other  hand,  the  secondary 
lobules,  one-fourth  of  an  inch  to 
one  inch  in  size  (lobules  of  authors) 
are  most  clearly  marked  out,  the 
more  so  because  the  boundary  lines  are  marked  out  by  lines  of 
pigment  which  in  the  course  of  time  has  been  deposited  in  the  inter¬ 
lobular  connective  tissue.  Collectively  these  lobules  (secondary 
lobules)  form  the  lobes  of  the  lung  (Fig.  131). 

ROBERT  BENTLEY  TODD  (1809-60) 

and 

WILLIAM  BOWMAN  (1816-92) 

Their  use  of  the  term  “lobule”  is  somewhat  confused,  for  they 
first  describe  a  lobule  as  being  mapped  “out  of  the  pulmonary  sub¬ 
stance  into  small  polyhedral  masses  separated  by  areolar  tissue  and 


Fig.  131. — Two  small  pulmo¬ 
nary  lobules,  with  the  air  cells,  b,  b, 
and  the  finest  bronchial  twigs,  c,  c, 
which  also  possess  air  cells.  From  a 
newborn  child.  Half  schematic. 
(From  Kolliker.) 
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Fig.  132. — A  group  of  lobules 
loosened  from  their  mutual  attach¬ 
ments,  indicating  the  mode  in 
which  each  lobule  (b)  receives  a 
single  bronchial  tube  (a).  (After 
Williams.) 

At  c  is  represented  the  dichoto¬ 
mous  manner  in  which  the  primary 
and  secondary  orders  divide;  at  c, 
d,  and  f,  is  shown  the  irregular  ar¬ 
borescent  method  in  which  the  ter¬ 
minal  lobular  bronchi  project  from 
every  side  and  point  of  the  circum¬ 
ference  of  the  secondary  bronchial 
tubes. 


Fig.  133. — An  imaginary  section  of 
a  lobule  of  the  human  lung,  carried 
parallel  with  the  plane  of  distribution 
of  the  chief  interlobular  divisions  of 
the  bronchi.  The  latter  are  observed 
to  multiply  both  on  the  dichotomous 
and  arborescent  plan.  (After  Wil¬ 
liams.) 

c,  c  denote  the  smallest  of  the  true 
bronchi  which  contrast  by  their 
smooth  walls  the  alveolated  inter¬ 
cellular  passages  a,  a,  a.  The  latter 
exceed  the  extreme  bronchules  slightly 
in  diameter.  Unlike  these  bronchules 
(c),  which  never  inosculate,  the  inter¬ 
cellular  passages  (a)  ramify  in  every 
direction  and  at  every  plane,  and  fre¬ 
quently  open  into  one  another,  estab¬ 
lishing  thus  a  free  communication  for 
the  air  between  all  parts  of  the  lobule, 
b,  b,  b,  indicate  the  ultimate  air  cells 
of  the  lungs.  They  correspond  in  size 
with  the  alveoli  (themselves  true  cells) 
on  the  walls  of  the  intercellular  pas¬ 
sages.  e,  e,  bottom  of  the  subpleural  or 
most  superficial  air  cells, 
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having  a  very  irregular  shape. ”  They  here  describe  what  are  now 
called  secondary  lobules;  but  they  go  on  to  say,  “ Nevertheless,  it 
seems  certain  that  each  terminal  twig  of  the  bronchus  is  in  rela¬ 
tion  with  only  its  own  proper  set  of  air-cells,  and  that  such  sets  of  cells 
do  not  communicate  except  through  the  medium  of  the  bronchia.  In 
this  sense  lobules  exist  everywhere,  even  when  not  isolated  by 
areolar  tissue,  and  in  this  sense  we  shall  use  the  term  as  con¬ 
veniently  designating  that  series  of  air-cells  associated  by  de¬ 
pendence  on  a  single  terminal  air-tube. ”*  They  here  define  the  air 
spaces  forming  a  primary  lobule.  Todd  and  Bowman  do  not  give 
an  original  diagram  of  the  arrangement  of  the  air  spaces,  but  they 
do  give  so  concise  a  definition  of  what  constitutes  a  secondary 
lobule  and  what  constitutes  a  primary  lobule  that  I  quote  in  full. 


Fig.  134. — Diagram  of  portions  of  the  human 
lung  imperfectly  injected  with  wax,  exhibiting  the 
mode  in  which  the  intercellular  passages  a,  a,  a, 
spring  from  the  ultimate  bronchi,  b,  b.  These  are 
smooth-walled,  those  alveolated.  (After  Williams.) 

THOMAS  WILLIAMS  (1819-65) 

In  the  supplementary  volume  of  the  Cyclopaedia  of  Anatomy  and 
Physiology  Williams  gives  a  resume  of  previous  work  and  adds  some 
*  Italics  mine.  W.S.M. 
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individual  observations.  “The  proper  pulmonary  tissue  (Fig.  132) 
begins  where  the  bronchial  tubes  end.”  Williams7  diagram  appar¬ 
ently  reproduces  in  outline  the  figure  given  by  Willis.  Now  if  one  of 
the  lobules  as  outlined  by  Williams  be  cut  through  longitudinally, 
a  very  different  picture  (Fig.  133)  is  obtained  from  that  of  Willis, 
for  his  lobule  is  made  up  of  a  series  of  branching  and  intercom¬ 
municating  passages  which  terminate  in  the  ultimate  air  cells  of 
the  lung. 

“Those  cells  which  communicate  directlv  with  the  bronchial 
tubes  and  intercellular  passages  open  into  them  by  large  circular 
apertures  and  are  themselves  similarly  perforated  to  communicate 
with  other  vesicles,  which  again  open  into  others  beyond  them,  so 
that  each  of  the  openings  in  the  air  passage  leads  to  a  series  of 
cells,  extending  from  it  to  the  surface  of  the  lobule”  (Fig.  134). 

A.  T.  HOUGHTON  WATERS  (1826-1912) 

Under  the  caption  “Sub¬ 
division  of  the  lobes  of  the 
lung  into  lobules77  Waters 
says:  “Each  lobe  of  the 
lung  is  an  agglomeration 
of  a  number  of  small  lob¬ 
ules,  which  represent  the 
organ  on  a  small  scale.  .  .  . 
The  lobules  are  found  in 
every  part  of  the  lung.  .  .  . 
They  are  arranged  almost 
in  a  similar  manner  to 
grapes  on  a  branch,  for 
each  is  found  in  connection 
with  a  bronchial  tube 
which  may  be  considered 
as  its  stalk.  .  .  .  Each  lob¬ 
ule  is  enclosed  in  a  sheath, 
which  consists  of  con¬ 
densed  areolar  tissue,  in 
which  a  large  amount  of 
the  yellow  elastic  element 
is  found.  This  sheath  forms 
a  perfect  septum  between 
the  lobules  and  isolates 
them  from  each  other.77 

Waters  here  describes  what  is  now  termed  a  secondary  lobule, 
and  his  description  differs  but  little  from  that  of  Willis.  “In  some 


Fig.  135. — Ultimate  bronchial  tube  with 
its  air  sacs  (sacculi  alveolares).  a,  ultimate 
bronchial  tube;  b,  its  dilated  end,  the  point 
de  reunion  of  all  the  air  sacs;  c,  c,  c,  air  sacs; 
d,  d,  alveoli;  e,  e,  openings  leading  to  other 
air  sacs;  f,  part  of  the  wall  of  two  air  sacs 
which  are  cut  off.  From  the  lung  of  a  cat. 
(After  Waters.) 
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animals,  as  the  cat,  the  subdivision  of  the  lobes  into  lobules  does 
not  exist,  whilst  in  others,  as  the  calf,  it  is  carried  on  to  a  very 
great  extent,  the  lobules  being  very  numerous,  and  some  of  them 
very  small.” 

In  another  place  he  says:  “Each  secondary  lobule  of  a  lobe  has 
its  separate  bronchial 
tube,  and  the  number  of 
divisions  which  take 
place  within  it  varies 
with  its  size;  in  general 
the  subdivisions  are 
few.”  The  last  division 
of  the  bronchial  tree  he 
calls  the  “ terminal  bron¬ 
chial  tube, ’  ’  sometimes 
the  “ ultimate  bronchial 
tube."  Connected  with 
each  terminal  bronchial 
tube  are  somewhat  elon¬ 
gated  cavities  to  which 
he  gives  the  name  “ air- 
sac.  ”  These  are  arranged 
in  groups.  All  the  air- 
sacs  communicate  di¬ 
rectly  with  the  dilated 
end  of  the  ultimate  bron¬ 
chial  tube,  which  forms 
the  point  de  reunion 
(Fig.  135).  Each  air-sac 
communicates  with  the 
ultimate  bronchial  tube 
by  means  of  a  circular 
opening.  More  than  one 
air-sac  may  terminate  at 
one  of  these  openings. 

“The  air-sacs  connected 
with  one  bronchial  ter¬ 
mination  do  not  com¬ 
municate  with  those  of  another;  each  set  of  air-sacs  is,  therefore,  a 
little  lobule,  or  ‘lobulette/  which,  in  fact,  represents  the  entire 
arrangement  of  the  lung  and  is  a  lung  in  miniature.”  In  other 
words,  the  lobulette  of  Waters  represents  what  is  now  termed  the 
primary  lobule  (Fig.  136). 


Fig.  136. — Terminal  bronchial  tube,  with  a 
group  of  air  sacs  (sacculi  alveolares),  or  lobu¬ 
lette,  connected  with  it  (human),  a.,  the  termi¬ 
nal  bronchial  tube;  b.,  the  dilated  extremity  of 
the  terminal  bronchial  tube;  c.,  c.,  c.,  individual 
air  sacs.  At  e.,  e.,  are  seen  the  openings  of  other 
sacs  which  lie  beneath  those  which  are  ex¬ 
posed;  six  sacs  are  seen  converging  to  the  com¬ 
mon  centre.  The  markings  in  the  air  sacs  de 
note  the  boundaries  of  the  alveoli.  (After 
Waters.) 
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JOSEPH  GERLACH  (1820-96) 

If  a  section  from  a  blown-up  and  dried  lung  be  examined  under 
the  microscope,  numerous  round  or  oval  openings  are  seen  which 
are  separated  from  each  other  by  narrow  bands  of  a  fibrous  sub¬ 
stance.  These  openings  correspond  to  sections  of  bladder-like 
bodies  into  which  the  last  of  the  little  branches  of  the  bronchi, 
which  ramify  throughout  the  lung,  open.  Besides  these  openings 
there  are  tube-like  bands  which  are  half  the  size  of  the  average 
opening.  These  tubes  are  nothing  more  than  the  final  branching  of 
the  bronchi.  Each  individual  branch  corresponds  to  a  primary 


A 

Fig.  137. — A.  Two  primary  lobules  of  the  lung  from 
a  newborn  child  with  its  bronchiolus  and  end  branches 
of  the  pulmonary  artery,  a.,  bronchiolus;  b.,  lateral, 
c.,  terminal  alveoli.  X50. 

B.  Base  of  a  lobule  of  the  lung,  situated  immediately 
beneath  the  pleura.  From  the  lung  of  a  cat.  X50. 


lobule  of  the  lung  which  has  the  form  of  a  short  cone  whose  point, 
in  the  form  of  a  handle,  represents  the  shorter  or  longer  bron¬ 
chiolus.  The  bases  of  these  primary  lobules  are  seen  clearly  marked 
out  only  on  the  surface  of  a  child’s  lung,  since  the  larger  polygonal 
areas,  which  are  seen  on  the  surface  of  the  adult  lung,  marked  out 
by  more  or  less  regularly  distributed  pigment,  correspond  to  the 
secondary  lobules  which  are  formed  from  several  primary  lobules. 
The  smallest  bronchi  which  Gerlach  observed  had  a  diameter  of 
0.1125  mm.,  and  the  base  of  a  primary  lobule  measured  from  0.45 
mm.  to  0.675  mm.,  while  the  base  of  a  secondary  lobule  measured 
from  1.8  mm.  to  2.7  mm.  Gerlach’s  figure  of  the  primary  lobule  is 
practically  the  same  as  that  of  Kolliker,  with  the  addition  of  the 
pulmonary  artery  (Fig.  137). 


HISTORICAL  SKETCH 


175 


FRANZ  EILHARD  SCHULZE  (1840-1921) 

Each  lung  is  supplied  with  a  single  bronchus  which  breaks  up 
into  a  series  of  dichotomous  branches  as  soon  as  it  has  penetrated 
into  the  substance  of  the  lung.  These  branches  pursue  a  straight 
course  until  they  reach  a  position  near  the  surface  of  the  lung.  Each 
of  these  branches  gives  off  laterally,  in  a  spiral  manner,  still  smaller 
branches  which,  in  turn,  give  off  lateral  branches  that  break  up 


Fig.  138. — Section  of  a  cat’s  lung  filled  and  hardened  with  alcohol,  a,  bron- 
chiolus;  b,  infundibulum;  c,  transverse  section  of  an  alveolar  passage;  d,  d', 
longitudinal  section  of  an  alveolar  passage.  (After  Schulze.) 


into  the  terminal  branches.  These  terminal  branches,  which  have 
a  diameter  of  0.3  to  0.2  mm.,  end  in  the  respiratory  cavities. 
These  cavities,  which  also  consist  of  round  passages,  undergo  re¬ 
peated  subdivisions  and  finally  end  in  funnel-shaped  spaces — the 
infundibula.  These  passages  do  not,  like  the  bronchi,  possess  un¬ 
broken  walls,  but  have  smaller  cavities  opening  into  them — the 
alveoli,  which  are  closely  set  about  them. 

Although  Schulze  recognized  that  more  than  one  subdivision  of 
the  bronchial  tree  had  alveoli  along  its  walls,  he  considered  them 
as  one  continuous  passage  and  gave  to  it  the  name  alveolargang 
(Fig.  138). 
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Now  for  the  first  time  a  name  is  given  to  that  subdivision  of  the 
bronchial  tree  which  possesses  alveoli  and  is  situated  between  the 
last  division  of  the  bronchial  tree  that  has  smooth  walls  and  an 
infundibulum. 


WILLIAM  TURNER  (1832-1916) 

The  diagram  of  Turner  corresponds  to  the  primary  lobule  of 
Kolliker  cut  open  longitudinally  (Fig.  139).  This  consists  of  a 


Fig.  139.  —  Semi-diagrammatic 
longitudinal  section  through  an  in¬ 
fundibulum.  b,  terminal  bronchial 
tube;  lb,  lobular  passage;  vv,  air 
vesicles;  in  v',  the  nucleated  elastic 
membranous  wall  of  a  vesicle  is 
shown;  a,  pulmonary  artery;  c,  c, 
pulmonary  capillaries;  e',  ciliated 
epithelium;  e,  e,  tesselated  epi¬ 
thelium  lining  air  cells.  (After 
Turner.) 


terminal  bronchial  tube  (b)  which  has  dilated  into  an  infundibulum , 
the  lumen  of  which  he  calls  the  lobular  or  alveolar  passage  (lb). 
Each  lobular  passage  dilated  “both  laterally  and  terminally  into 
alveoli ,  or  air-vesicles  (v).”  The  air- vesicles  belonging  to  an  indi¬ 
vidual  infundibulum  are  separated  from  each  other  by  septa;  they 
do  not  communicate  with  each  other,  but  only  with  the  lobular 
passage.  The  air-vesicles  of  one  infundibulum  do  not  communicate 
with  those  of  adjoining  infundibula,  but  are  separated  from  them 
by  a  thin  layer  of  connective  tissue  and  blood  capillaries. 

GEORG  EDUARD  RINDFLEISCH  (1836-1908) 

Rindfleisch  studied  the  structure  of  the  lung  from  corrosion 
preparations  with  the  following  results : 
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In  the  lobule  studied  (secondary  lobule)  a  bronchus  (sublobular 
bronchus  of  Sappey)  enters  the  lobule  and  gives  off  seven  bron- 
chioli,  each  of  which  in  turn  divides  into  two  very  short  bron- 
chioli.  These  small  bronchioli  spread  out  into  an  arborization  of 
from  three  to  five  alveolengange  which  collectively  form  a  “lung 
acinus.”  This  acinus  is, 
according  to  Rindfleisch, 
a  much  more  constant  unit 
of  lung  structure  than  the 
lobule.  The  lobule  is  not 
constant  in  size,  for  two 
lung  acini  may  constitute  a 
lobule;  on  the  other  hand, 
there  are  lobules  in  which 
there  are  20  to  30  acini. 

From  a  pathological  stand¬ 
point,  the  lobule  is  the 
more  important  since  it  is 
enclosed  by  connective  tis¬ 
sue  and  contains  the  rami¬ 
fications  of  the  blood  ves¬ 
sels.  Moreover,  the  inter¬ 
lobular  connective  tissue 
helps  to  restrict  the  spread 
of  emboli,  infarcts,  ab¬ 
scesses,  etc.  Although  he 
does  not  in  his  diagram 
indicate  infundibula  and 
alveoli,  in  other  places 
Rindfleisch  speaks  of  in¬ 
fundibula  and  alveoli  with¬ 
out  mentioning  their  relation  to  his  acinus  (Fig.  140). 

Rindfleisch  seems  to  have  been  the  one  who  established  the  term 
“acinus”  in  descriptions  of  the  finer  structure  of  the  lung;  for, 
from  his  time  until  the  present,  it  is  still  in  use. 

JEAN  MARTIN  CHARCOT  (1825-93) 

Charcot  bases  his  description  of  the  air  spaces  in  the  lung  on 
the  lobule  as  described  by  Rindfleisch  and  called  by  him  a  primary 
lobule.  The  bronchus  which  enters  the  lobule  he  terms  the  sub- 
lobular  bronchus;  within  the  lobule  this  gives  rise  to  the  intra¬ 
lobular  bronchi,  and  the  short  branches  into  which  the  intralobular 
bronchus  divides  he  calls  terminal  bronchioles,  since  they  represent 
the  end  of  the  bronchial  system.  The  orifices  of  the  terminal  bron- 


Fig.  140. — Lobule  of  the  Lung. 
(Rindfleisch.) 
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chioles  which  face  the  surface,  open  into  a  system  of  canals,  called 
by  Charcot  canaliculi,  and  these  collectively  form  his  secondary 
lobules  which  he  describes  as  being  separated  from  adjoining 
lobules  by  a  lamella  of  connective  tissue  which,  he  says,  is  very 
distinct  in  young  children,  less  so  in  the  adult,  but  can  be  recog¬ 
nized  upon  the  base  of  the  lobules  situated  just  beneath  the  pleura. 

Here  we  find  primary  and  secondary  lobules  confused,  for  the 
true  primary  lobules  are  not  separated  from  each  other  by  connec¬ 
tive  tissue,  even  in  the  new-born  child. 


V 


Fig.  141. — Pulmonary  acinus  of  a  newborn  child; 
injected  with  wax;  h,  bronchiole;  v,  branch  of  the 
pulmonary  artery;  kk,  alveolar  conduit;  a,  intralobu¬ 
lar  space.  (Charcot.) 

Charcot  thinks  that  his  term  secondary  lobule  is  open  to  objec¬ 
tions,  so  he  proposes  to  substitute  for  it  the  name  used  by  Rind- 
fleisch,  pulmonary  acinus,  for  “some  call  secondary  lobules  what 
others  call  primary  lobules;  there  are  indeed  those  who  apply  the 
term  secondary  lobule  to  only  a  part  of  the  entire  acinus.” 

Charcot  says  his  pulmonary  acinus  corresponds  exactly  with  the 
system  of  the  alveolengange  (alevolar  passages)  of  Schulze  and 
with  the  lobulettes  of  Waters;  but  if  Charcot’s  figure  of  a  pul¬ 
monary  acinus  (Fig.  141)  be  studied  carefully,  it  will  appear  to 
correspond  with  the  lobulette  of  Waters  (see  Waters’  Figure  135) 
more  closely  than  with  that  of  Schulze.  Charcot  criticizes  Waters’ 
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term  “lobulette,”  which  he  says  is  inconvenient  since  it  belongs  to 
no  language  in  spite  of  its  French  sound. 

Attention  is  called  to  the  dilated  end  of  the  terminal  bronchiole 
called,  by  Waters,  “point  of  re-union;”  by  Charcot,  “vestibule.” 
It  was  this  use  of  the  term  “vestibule”  that  led  me  to  drop  it  from 
my  original  description. 

Leading  out  from  this  vestibule  there  is  a  series  of  conduits 
alveolares  or  alveolar  passages  (alveolengange  of  Schulze)  which 
terminate  in  a  funnel-shaped  cavity,  the  infundibulum  of  Rossignol. 
Extending  from  the  vestibule  through  the  center  of  the  conduit 


Fig.  142. — From  the  lung  of  a  sheep  embryo  250 
mm.  long,  a,  bronchiolus;  d,  alveolar  passages. 
(Stieda.)  X80. 


there  is  a  free  space,  which  gives  access  to  the  lateral  alveoli 
which  are  upon  the  walls  of  the  conduit  and  bear  the  name  parietal 
alveoli.  Charcot  compares  this  disposition  of  the  air  spaces  to  the 
long  corridors  of  a  prison  into  which  the  laterally  situated  cells 
open.  Later  he  compares  this  arrangement  to  a  Roman  house,  in 
which  the  central  space  corresponds  to  the  impluvium  and  the 
alveoli  to  the  cubicula. 

Not  only  are  there  terminal  infundibula,  but  there  are  also 
lateral  infundibula  which  communicate  with  the  conduits. 

Finally,  Charcot  mentions  that  there  can  be  seen  by  high  ampli¬ 
fication,  interalveolar  spaces,  but  does  not  give  an  extended  ac¬ 
count  of  them. 

LUDWIG  STIEDA  (1837-1918) 

“The  bronchi,  after  they  have  divided  and  branched  frequently 
pass  finally  over  into  branches  and  irregularly  pouched  canals, 
which  end  blindly — these  are  the  alveolengange  of  Schulze”  (Fig. 
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142).  The  smallest  bronchioli  from  which  these  canals  arise  do  not 
have  smooth  walls,  but  they  have  numerous  half  round  or  spherical 
pouches — alveoli — placed  close  to  one  another,  projecting  from 
the  surface. 


Fig.  143. — From  the  lung  of  a  mouse.  Showing  transition  of  small 
bronchial  branches  into  bronchioli  (a',  a')  and  into  alveolar  passages 
(d.)  (Stieda.)  X60. 


The  canals  do  not  end  blindly  with  funnel-shaped  expansions, 
and  Stieda  agrees  with  Henle  that  the  term  infundibulum  should  be 
dropped  (Fig.  143). 

E.  LAGUESSE  (1861-?) 

“The  pulmonary  parenchyma,  or  proper  tissue  of  the  lung,  can 
be  separated  into  lobules.”  Primary  or  simple  lobules  are  defined 
by  Laguesse  as  those  polyhedral  areas  which  are  marked  out  on  the 
surface  of  the  lung  by  lines  more  or  less  pigmented,  are  bounded 
within  the  lung  by  connective  tissue  septa,  and  are  of  a  more  or  less 
pyramidal  shape.  These  areas  are  usually  called  secondary  lobules, 
but  Laguesse  considers  them  primary  lobules. 

Into  these  lobules  enters  a  sub-lobular  bronchus  which  con¬ 
tinues  through  the  middle  of  the  lobule  until  it  has  reached  a  point 
near  its  center,  where  it  divides  into  two  principal  branches,  intra¬ 
lobular  bronchi.  During  its  course  through  the  lobule  it  gives  off 
a  number  of  collateral  branches.  In  the  neighborhood  of  the  lower 
third  of  the  lobule,  the  intra-lobular  bronchioles  divide  repeatedly 
and  give  rise  to  a  cluster  of  smaller  bronchioles,  the  terminal 
bronchioles  or  bronchioles  acineuses. 
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Each  terminal  bronchiole  (bronchiole  acineuse)  ends  in  a  dense 
cluster  of  short,  wide  branches  bearing  numerous  alveoli.  Each 
cluster  forms  an  acinus  which  corresponds  to  the  acinus  of  Rind- 


Fig.  144. — Scheme  of  the  human  pulmonary  lobule.  A,  intralobular  bron¬ 
chiole;  C,  D,  two  terminal  bronchi  into  which  it  bifurcates;  a,  b,  c,  collaterals; 
ac,  acinus;  1,  1,  1,  walls  limiting  the  lesser  lobules.  The  lobule  is  divided  into  a 
superior  and  an  inferior  portion  by  the  line  xy.  (Laguesse.) 

fleiseh  and  Charcot,  but  is  much  more  complicated  than  that  of 
Schulze. 

The  bronchiole  acineuse  has  scattered  alveoli  along  its  walls. 
Presently  this  bronchiole  enlarges,  its  walls  become  thinner  and 
alveoli  appear  on  practically  the  entire  circumference  of  the  bron¬ 
chiole;  it  is  now  called,  after  the  nomenclature  of  Schulze,  an 
alveolar  canal  (alveolargang).  These  alveolar  canals  continue  to 
divide  several  times  and  eventually  end  in  a  simple  cul-de-sac. 
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Sometimes  these  alveolar  canals  which  abut  against  the  pleura 
terminate  in  a  club-shaped  dilatation  (Fig.  144). 

The  passage  of  the  bronchiole  into  an  alveolar  duct  is  not  abrupt 
and  the  last  bronchial  branches  possess  transitional  characteristics 
which  are  found  not  only  upon  the  bronchiole  acineuse  but  often  on 
its  preceding  branch.  These  transitional  bronchioles  bear  alveoli 


Fig.  145. — Bronchiolus  respiratorius,  br.r.,  and  two 
alveolengange,  ag,  from  the  dog.  (Kolliker.)  X85. 

which  are  smaller  than  those  of  the  acinus ;  they  have  been  rightly 
termed  by  Kolliker  bronchioli  respiratorii ;  but  Laguesse  thinks  that 
Kolliker  is  wrong  when  he  includes  in  this  division  of  the  bronchial 
tree  those  bronchioles  which  do  not  possess  alveoli  and  are  not 
lined  with  a  mixed  epithelium  consisting  of  cuboidal  and  simple 
respiratory  epithelium. 

RUDOLPH  ALBERT  KOLLIKER  (1817-1905) 

Using  material  from  an  executed  criminal,  Kolliker  returned  in 
1881  to  a  study  of  the  lung,  paying  especial  attention  to  the  point 
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where  cartilages  and  glands  disappeared  from  the  bronchi,  the 
types  of  epithelium,  and  the  finer  divisions  of  the  bronchial  tree. 
In  this  section  only  the  subdivisions  of  the  bronchial  tree  will  be 
considered,  the  others  having  already  been  discussed  in  preceding 
sections. 

When  the  bronchioli  have  been  reduced  to  a  diameter  of  one  mil- 


Fig.  146. — Section  perpendicular  to  the  surface  of  the  human  lung. 

The  terminations  of  bronchial  branches,  b,  bronchiolus  with  ciliated 
epithelium  without  goblet  cells  and  alveoli;  br',  bronchiolus  respira- 
torius  with  individual  alveoli  and  similar  epithelium;  br  r,  br  r',  from 
this  bronchiolus  originate  bronchioli  with  two  types  of  epithelium; 
br  r",  terminal  division  of  the  same  in  two  like  bronchioli;  ag,  alveo- 
lengange;  i,  infundibula.  (Kolliker.)  XlO. 

limeter,  a  change  in  their  structure  takes  place.  They  no  longer 
maintain  a  cylindrical  outline;  but,  with  increasing  numbers, 
alveoli  appear  on  their  walls.  On  account  of  this  change  in  the 
character  of  the  bronchioli,  Kolliker  gives  to  this  subdivision  the 
name  respiratory  bronchioles  ( bronchioli  respiratorii) .  After  a  longer 
or  shorter  course  they  are  continued  as  the  alveolengange  of 
Schulze  ( ductuli  alveolares),  and  eventually  end  in  an  infundibulum, 
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a  term  which  he  had  formerly  discarded  as  incorrect.  We  now  have 
the  elongated  alveolengange  of  Schulze  divided  into  two  distinct 
portions,  bronchioli  respiratorii  and  ductuli  alveolares ,  and  a  new 
conception  of  bronchial  architecture  (Fig.  145).  Whatever  criticism 
may  be  brought  against  his  description  of  the  epithelium  belonging 
to  the  bronchioli  respiratorii,  none  can  be  brought  against  his 
recognition  of  this  new  subdivision  of  the  bronchial  tree. 

The  order  of  the  finer  divisions  of  the  bronchial  tree  are,  with 
this  new  subdivision,  bronchioli ,  bronchioli  respiratorii ,  ductuli 
alveolares,  infundibula,  this  latter  term  to  be  eventually  replaced  by 
sacculi  alveolares  (Fig.  146). 


HENRI  BERDAL  (1864-?) 

According  to  the  description  of  Rindfleisch  and  of  Charcot,  the 
sublobular  bronchus  enters  the  lobule  and  follows  its  axis  from  the 

summit  to  the  vicinity  of 
the  base,  where  it  termi¬ 
nates  in  a  bifurcation.  In 
this  course  the  sublobular 
bronchus,  having  become 
the  intralobular  bronchus, 
gives  rise  to  alternating 
lateral  bronchi,  intralobular 
bronchioles  of  the  second 
order,  which  can  divide  a 
certain  number  of  times 
and  finally  terminate  by 
very  short  conduits  desig¬ 
nated  under  the  name  of 
acinal  bronchi.  Each  of 
these  last  ramifications 
leads  into  a  group  of  alveoli 
whose  ensemble  constitutes 
a  pulmonary  acinus  (Fig. 
147). 

In  studying  the  course 
of  the  intralobular  bron¬ 
chial  tube  we  have  seen 
that  the  ultimate  division 
was  represented  by  a  terminal  conduit,  the  acinal  bronchus,  which 
marks  the  boundary  between  the  bronchial  system  and  the  alveolar 
system.  This  bronchial  tube,  after  a  very  short  course,  contracts, 
to  spread  abruptly,  bell  shaped,  to  form  a  kind  of  funnel  to  which 
the  name  of  vestibule  has  been  given.  From  this  funnel  go  out 


Fig.  147. — Scheme  to  show  the  configur¬ 
ation  of  the  pulmonary  lobule.  1.  pre-lobular 
bronchus;  2.  intra-lobular  bronchus;  1'.  aci¬ 
nus  bronchus;  3.  acinus  of  the  lung.  (Berdal.) 
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three,  four  or  five  conduits,  the  alveolar  conduits ,  which  turn  away 
from  each  other  at  very  acute  angles,  in  a  manner  as  to  represent 
a  kind  of  bouquet,  dominated  by  the  acinal  bronchus,  and  whose 
ensemble  constitutes  a  pulmonary  acinus  which  we  can  compare 
with  the  pulmonary  lobule  itself.  In  fact,  the  acinus  has  the  form 
of  a  pyramid  whose  summit  is  suspended  from  a  sort  of  pedicule, 
represented  by  the  acinal  bronchus,  and  whose  base  faces  the 
periphery  (Fig.  148).  In  its  general  appearance  the  acinus  differs 


a 


Fig.  148. — Scheme  of  pulmonary  acinus,  a,  alveolar 
conduits;  b,  acinal  bronchus;  c,  vestibule;  d,  lateral 
infundibula;  e,  terminal  infundibula;  Ap.,  pulmonary 
acinus.  (Berdal.) 

little  from  that  of  the  lobule,  but  is  much  smaller,  measuring  only 
about  one  millimeter  in  diameter.  In  the  same  manner  as  the  lob¬ 
ule,  the  acinus  is  separated  from  the  neighboring  acini  by  a  connec¬ 
tive  tissue  capsule,  a  great  deal  less  marked,  it  is  true,  but  distinct 
enough  to  assure  a  relative  independence  to  the  acinus.  This  peri- 
acinal  connective  tissue,  abundant  enough  in  the  child,  is  reduced 
considerably  in  the  adult  in  the  same  manner  as  the  perilobular 
connective  tissue  will  disappear  in  the  aged  at  the  point  where  the 
lobules  come  in  contact.  Finally,  in  the  same  manner  as  the  sub- 
lobular  bronchus  dominates,  in  the  lobule,  uan  area  clearly  circum¬ 
scribed  and  enjoying  an  almost  complete  independence,  so  the 
acinus  bronchus  supports  a  small  alveolar  system,  well  defined  as 
to  boundary,  from  the  functional  point  of  view.”  (Joffroy) 
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Let  us  now  return  to  the  description  of  the  different  parts  which 
enter  into  the  composition  of  the  acinus.  The  acinus  bronchus  and 
the  vestibule  are  completely  smooth;  on  the  contrary,  the  alveolar 
conduits  present  embossed  walls  covered  with  depressions,  separated 
by  delicate  walls,  which  are  described  under  the  name  of  pulmonary 
alveoli.  Following  the  well-known  comparison  of  Charcot,  the 
alveoli  open  into  the  alveolar  conduits  in  the  manner  of  cells  in  the 
central  corridor  of  a  prison. 

Communications  of  the  alveoli  depending  upon  the  same  alveolar 
conduit  are  very  easily  acquired,  for  they  are  separated  only  by 
rudimentary  walls;  on  the  contrary,  the  alveoli  of  a  conduit  do  not 
communicate  with  the  alveoli  of  the  neighboring  conduit. 

Besides  the  simple  alveoli,  the  walls  of  the  alveolar  conduits 
present  larger  depressions  that  terminate  in  a  cul-de-sac,  which  is 
also  covered  with  alveoli.  These  groups  of  alveoli  are  known  under 
the  name  of  infundibula  and,  according  as  they  occupy  the 
terminal  extremity  or  the  walls  of  the  alveolar  conduits,  they  are 
called  terminal  or  parietal  infundibula. 

After  having  made  the  analysis  of  the  lung  in  going  from  the 
lobule  to  the  acinus  and  to  the  alveoli,  it  is  fitting  to  follow  the 
inverse  course  and  to  reconstruct  this  organ  by  going  from  the 
alveoli  towards  the  lobule.  In  proceeding  thus  we  see  that: 

a)  Each  alveolar  conduit  possesses  under  its  dependence  a  cer¬ 
tain  number  of  simple  or  compound  alveoli  (infundibula)  and 
forms  the  primitive  lobule  of  the  lung  (Sappey). 

b)  The  primitive  lobules  to  the  number  of  four  or  five  form  a 
cluster  suspended  from  the  acinus  bronchus,  a  pulmonary  acinus. 

c)  Finally,  the  acini  reunite  to  the  number  of  fifteen  or  eighteen 
to  constitute  the  pulmonary  lobule  (secondary  lobule).  We  have 
already  indicated  how  the  lobules  by  their  reunion  come  to  form 
the  lobes  of  the  lung. 

I  have  given  quite  fully  a  free  translation  of  Berdal’s  description, 
because  he  gives  so  complete  an  account  of  the  structure  of  the 
lung  from  the  standpoint  of  the  French  histologists. 

A.  NICOLAS  (?-?) 

The  lung  can  be  resolved  into  a  large  number  of  independent  seg¬ 
ments  termed  lobules.  When  the  bronchi,  through  subdivision, 
have  attained  a  calibre  which  usually  does  not  exceed  1  mm.,  they 
penetrate  into  the  lobules  and  are  termed  intralobular  bronchi. 
Each  intralobular  bronchus  continues  to  divide  and  gives  origin  to 
from  ten  to  fourteen  small  branches — the  terminal  bronchioles.  Up 
to  this  point  the  bronchial  canals  are  regularly  cylindrical ;  but  from 
this  point  small  hemispherical  eminences  appear,  at  first  isolated 
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and  less  numerous,  then  more  and  more  abundant  until  finally 
they  are  so  numerous  that  they  abut  against  each  other.  These 
eminences  correspond  to  small  pockets  in  the  wall  of  the  bronchiole 
which  communicate  freely  with  the  lumen  of  the  bronchiole;  they 
constitute  the  alveoli  and  give  to  this  part  of  the  bronchial  tree 
the  name  bronchiolus  respiratorius. 

After  a  longer  or  shorter  course  each  terminal  respiratory  bron¬ 
chiole  dilates  into  a  small  cavity,  or  vestibule,  from  which  from 
three  to  six  alveolar  conduits  arise.  These  may  remain  undivided  or 
they  may  subdivide  several  times,  but  all  eventually  terminate  in  a 
blind  cavity,  the  infundibulum.  Alveoli,  which  first  appeared  on  the 
bronchiolus  respiratorius,  are  found  on  all  the  succeeding  divisions 
of  the  aerial  tract  and  give  to  the  infundibulum  a  swollen,  muri- 
form  aspect. 

Nicolas  sums  up  the  successive  tracts  through  which  the  air 
passes  to  reach  the  bottom  of  the  pulmonary  apparatus,  where  the 
gaseous  exchanges  take  place,  as  follows — the  bronchi  through  sub¬ 
division  give  rise  to  interlobular  bronchus,  intralobular  bronchiole, 
terminal  bronchiole,  vestibule,  alveolar  conduit,  infundibulum; 
alveoli  are  found  on  the  last  three  segments  and  a  portion  of  the 
terminal  bronchiole.  Although  Nicolas  makes  free  use  of  my  dia¬ 
grams  and  reconstruction  from  the  lung  of  the  dog,  his  description 
is  based  largely  on  corrosion  preparations  which  show  how  in¬ 
definite  and  practically  useless  such  preparations  are  for  studying 
the  minute  structure  of  the  lung. 

H,  LOESCHCKE  (1882  ?) 


Loeschcke  illustrates,  by  means 
of  a  corrosion,  an  isolated  acinus, 
or  arbor  alveolaris,  as  named  by 
F.  E.  Schulze.  The  stem  of  the 
cluster  is  formed  by  a  bronchiolus 
verus  terminalis  which  divides 
dichotomously  in  two  bronchioli 
respiratorii  from  which  go  out  al- 
veolengange  of  one,  two  and  some¬ 
times  three  orders  and  end  in  a 
blind  sac,  the  sacculus  alveolaris,  on 
the  surface  of  the  acinus  (Fig.  149). 

His  figure  is  one  of  the  best  we 
have  of  a  corrosion  preparation, 
but  it  does  not  show  the  structure 
of  the  lung  correctly.  No  method 
of  investigating  the  lung  gives  so 


Fig.  149. — Isolated  acinus  from 
the  human  lung.  Injected  with 
Wood’s  metal.  Showing  the  branch¬ 
ing  of  an  “end  bronchus”  within 
the  acinus.  (After  Loeschcke.)  Xh. 


varied  and  erroneous  an  idea  of  its  structure. 
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Fig.  150. — Reconstruction  of  an  acinus  from  the  human  lung,  by  A.  Yier- 
ling,  and  reproduced  in  colors  by  Braus.  Some  portions  are  very  cleverly  exe¬ 
cuted,  but  in  the  main  it  is  erroneous,  especially  in  the  arrangement  of  the  finer 
air  spaces. 
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HERMANN  BRAUS  (1867-?) 

Of  the  modern  schemes  of  lung  structure,  that  of  Braus  deserves 
special  mention.  It  has  many  excellent  features.  His  arrangement  of 
the  structures  connected  with  one  of  the  smaller  bronchi  is,  in  the 
main,  correct,  and  they  are  displayed  in  a  skilful  manner;  but  his 
outline  of  the  air  spaces  is  far  from  accurate— the  spaces  which  he 
designates  as  “atria”  are  sadly  misplaced  (Fig.  150). 

The  unit  of  construction  according  to  Braus  is  an  acinus.  He  re¬ 
produces  the  figure  of  Loeschcke  (Fig.  149)  to  illustrate  an  acinus. 
From  twelve  to  eighteen  acini  form  a  lobule.  Each  lobule  is  sur¬ 
rounded  by  an  interlobular  septum.  In  other  words,  the  lobule  of 
Braus  corresponds  to  a  secondary  lobule. 

Resume 

It  must  be  borne  in  mind  that  the  preceding  sketch  only  deals 
with  the  arrangement  of  the  air  spaces.  From  the  various  schemes 
presented  there  are,  after  all,  but  few  that  have  exerted  a  perma¬ 
nent  influence,  or  made  a  place  for  themselves  in  the  literature. 

It  was  due  to  Malpighi  that  the  blood  vessels  were  separated 
from  the  air  spaces  and  each  system  recognized  as  an  independent 
system.  T.  Willis  described  independent  secondary  lobules  at¬ 
tached  to  small  branches  of  the  trachea  which  subdivided  within 
the  secondary  lobules  into  numerous  finer  branches  that  ter¬ 
minated  in  minute  bladders  which  did  not  communicate  with  each 
other  as  did  the  vesicles  of  Malpighi. 

Rossignol  described  each  of  the  finer  bronchial  ramifications  as 
ending  in  a  funnel-shaped  cavity  which  he  called  an  infundibulum, 
a  term  which  is  still  used  in  modern  descriptions  of  lung  structure. 

Adriani  introduced  a  new  idea  in  lung  structure  when  he  stated 
that,  while  the  wide  open  communications  between  adjoining 
alveoli  described  by  many  of  the  older  authors  did  not  exist, 
minute  openings  did  exist  in  the  walls  of  the  normal  alveoli.  These 
minute  openings  are  now  known  as  alveolar  pores;  and  the  question 
as  to  their  being  normal  openings  is  still  being  discussed  (see  page  64 
et  seq.). 

In  1852  Kolliker  differentiated  between  primary  and  secondary 
lobules,  the  latter  being  marked  out  by  connective  tissue  in  which 
pigment  was  usually  deposited.  Kolliker’s  diagram  of  a  primary 
lobule  was  extensively  copied  by  later  investigators. 

Waters  introduced  the  terms  terminal  bronchus  and  air  sac;  these 
terms  are  still  used  by  many  authors.  The  group  of  air  sacs  con¬ 
nected  with  a  terminal  bronchus  formed  his  lobulette.  Schulze 
made  a  valuable  contribution  when  he  gave,  for  the  first  time,  a 
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name,  alveolargang  (alveolar  passage),  to  that  subdivision  of  the 
bronchial  tree  which  had  alveoli  opening  out  from  its  lumen  and 
terminated  in  what,  at  that  time,  was  called  an  infundibulum. 

Rindfleisch  introduced  the  term  acinus  for  the  group  of  three 
to  five  alveolengange  which  were  connected  with  the  final  sub¬ 
division  of  the  bronchial  tree.  The  acinus  is  considered  the  unit  of 
lung  structure  by  many  authors. 

Kolliker  in  1881  subdivided  the  long  alveolargang  of  Schulze 
into  a  proximal  portion,  the  bronchiolus  respiratorius  (respiratory 
bronchiole),  and  a  distal  portion,  for  which  he  retained  the  term 
alveolargang  originally  given  by  Schulze  to  the  entire  length. 


Chapter  XII 

THE  ACINUS 

It  is  quite  evident,  from  the  various  schemes  of  the  lung  pre¬ 
sented  in  Chapter  XI,  that  the  idea  of  Rossignol  that  the  prob  em 
of  the  texture  of  the  lung  is  bound  up  in  the  lobule,  has  been  super¬ 
seded  by  a  theory  that  it  is  centered  in  the  acinus.  The  unit  of 
construction  is  not,  however,  the  acinus;  it  is  the  lobule. 

It  has  also  been  shown  that  there  has  been,  and  still  is,  con¬ 
fusion  as  to  what  constitutes  a  primary  lobule  and  what  constitutes 
a  secondary  lobule.  Originally  primary  lobules  were  defined  as  the 
group  of  air  spaces  connected  with  the  final  divisions  of  the  bron¬ 
chial  tree,  while  secondary  lobules  were  made  up  of  a  variable 
number  of  primary  lobules,  the  ensemble  being  separated  from 
adjoining  secondary  lobules  by  connective  tissue  septa  which,  in 
some  instances,  were  highly  pigmented. 

The  primary  lobule  has  been  described  in  detail  in  Chapters  IV, 
V,  VI,  and  VIII.  It  now  remains  to  describe  a  secondary  lobule. 
In  Chapter  XI  outline  sketches  of  a  secondary  lobule  have  been 
given  by  Rindfleisch  and  Laguesse;  but  I  have  found  no  actual 
tracing  of  a  secondary  lobule  in  the  literature  on  the  lung. 

In  Figure  151  a  tracing  of  a  secondary  lobule  taken  55  mm.  below 
the  pleura  of  the  human  lung  will  be  found.  The  lobule  is  sur¬ 
rounded  by  a  layer  of  connective  tissue  which  serves  to  separate  it 
from  adjoining  secondary  lobules.  On  the  upper  left  a  portion  of  a 
section  of  a  bronchus,  with  a  plate  of  cartilage  in  its  wall,  is  seen, 
while  on  the  upper  right  of  the  tracing  a  branch  of  the  pulmonary 
vein  is  cut  somewhat  obliquely.  Sections  of  smaller  veins  are  shown 
in  clear  outline  in  the  connective  tissue  surrounding  the  lobule. 
Following  the  course  of  the  bronchiole  throughout  the  lobule,  its 
mode  of  division  can  be  made  out..  A  large  branch  is  cut  off 
obliquely  near  the  center  of  the  section  and  another  branch  is  in¬ 
dicated  by  the  shoulder  which  projects  on  the  right  of  the  bron¬ 
chiole  a  short  distance  from  its  entrance  into  the  lobule.  In  the 
final  division  of  the  bronchiole  situated  in  that  portion  of  the  sec¬ 
tion  between  the  pulmonary  vein  and  bronchus,  the  walls  of  the 
bronchioli  respiratorii  and  the  ductulus  aveolaris  are  indicated  in 
heavier  outline  than  the  walls  of  the  surrounding  alveoli.  Some 
might  consider  all  that  portion  of  the  section  situated  between  the 
pulmonary  vein  and  the  bronchus  as  an  acinus;  but  it  can  be 
readily  seen  that  this  does  not  represent  the  classic  description  of 
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an  acinus;  neither  does  it  represent  a  primary  lobule.  Within  the 
lobule  branches  of  the  pulmonary  artery  are  indicated  in  solid 

black. 

By  studying  the  tracing,  one  can  easily  understand  the  mis¬ 
conception  of  lung  structure  which  the  older  authors  received 


Fig.  151. — Camera  lucida  tracing  of  a  secondary  lobule  situated 
55  mm.  below  the  pleura  of  the  human  lung.  The  tracing  is  composed 
of  two  sections,  each  40 /jl  thick.  This  was  done  in  order  that  the  bron¬ 
chiole  could  be  shown  throughout  its  whole  length.  F or  description  see 
text.  X4.5. 

from  the  study  of  single  sections  that  included  as  many  air  spaces 
as  possible  cut  through  on  the  same  plane. 

In  the  same  section  as  that  from  which  Figure  151  is  taken  (I  am 
accustomed  to  use  large  sections,  in  this  case  45  by  70  mm.),  I 
found  an  “acinus”  (Fig.  152)  which  corresponds  to  Braus  repro¬ 
duction  of  Loeschcke’s  corrosion  of  an  acinus. 
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While  the  acinus  photographed  is  not,  like  that  of  Loeschcke, 
Berdal,  and  others,  situated  directly  beneath  the  pleura,  that  it 
is  from  the  distal  portion  of  a  bronchial  ramification  is  shown  by 
the  longitudinal  section  of  the  vein  seen  in  the  lower  portion  of 
the  figure. 

In  many  ways  it  corresponds  to  Loeschcke’s  corrosion  for,  on 
the  right  division  of  his  bronchiolus  minimus  there  is  a  furrow  for 


Fig.  152. — Section  through  what  corresponds  to  the  acinus 
illustrated  in  Figure  149.  This  is  taken  from  the  same  section 
as  Figure  151.  X7.5. 

a  branch  of  the  arteria  pulmonalis,  and  in  practically  the  same 
situation  in  the  photograph  a  branch  of  the  artery  has  been  cut 
somewhat  obliquely.  His  bronchiolus  divides  into  two  branches; 
the  same  is  true  of  the  bronchiolus  in  Figure  152;  these  two 
branches  are  bronchioli  respiratorii.  The  bronchiolus  respiratorius 
on  the  right  of  the  photograph  divides  into  two  ductuli  alveolares 
while  on  the  left  a  bronchiolus  respiratorius,  ductulus  alveolaris, 
atrium,  and  sacculus  alveolaris  are  divided  longitudinally.  Branches 
passing  to  air  spaces  above  and  below  the  level  of  the  section  are 
not  shown.  Reconstructions  of  the  series,  and  its  dissection,  alone 
would  bring  out  their  proper  relationship.  Figure  152  corresponds, 
but  not  so  closely,  to  Berdaks  figure.  In  each  instance  one  sees 
that  the  acinus  is  not  the  final  division  of  the  bronchial  tree  and 
that  it  is  the  primary  lobule  with  its  blood  vessels,  lymphatics  and 
nerves  that  forms  the  unit  of  construction. 
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